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Beyond the Constituent Quark Model
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• Minimal allowed bound states of QCD:  Mesons (     ) and baryons (      )

• For mesons:                         and  
 
Allowed: 
Forbidden:

• Observation of state with        forbidden for      : clear evidence for exotics

• Understanding QCD: What is the role of gluons (generation of mass, spin, …)?  

P = (�1)L+1
<latexit sha1_base64="jNvXHstOKWmyqnjjMa4gOSPQwFA=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahIpaNCHpRCl48eKhgP6BdSzbNtqHZ7JJkhbL0b3jxoIhX/4w3/41puwdtfTDweG+GmXl+LLg2rvvt5JaWV1bX8uuFjc2t7Z3i7l5DR4mirE4jEamWTzQTXLK64UawVqwYCX3Bmv7wZuI3n5jSPJIPZhQzLyR9yQNOibFSp3ZVPsXHj+ndCR53iyW34k6BFgnOSAky1LrFr04voknIpKGCaN3Gbmy8lCjDqWDjQifRLCZ0SPqsbakkIdNeOr15jI6s0kNBpGxJg6bq74mUhFqPQt92hsQM9Lw3Ef/z2okJLr2UyzgxTNLZoiARyERoEgDqccWoESNLCFXc3orogChCjY2pYEPA8y8vksZZBbsVfH9eql5nceThAA6hDBguoAq3UIM6UIjhGV7hzUmcF+fd+Zi15pxsZh/+wPn8Abm9kCg=</latexit><latexit sha1_base64="jNvXHstOKWmyqnjjMa4gOSPQwFA=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahIpaNCHpRCl48eKhgP6BdSzbNtqHZ7JJkhbL0b3jxoIhX/4w3/41puwdtfTDweG+GmXl+LLg2rvvt5JaWV1bX8uuFjc2t7Z3i7l5DR4mirE4jEamWTzQTXLK64UawVqwYCX3Bmv7wZuI3n5jSPJIPZhQzLyR9yQNOibFSp3ZVPsXHj+ndCR53iyW34k6BFgnOSAky1LrFr04voknIpKGCaN3Gbmy8lCjDqWDjQifRLCZ0SPqsbakkIdNeOr15jI6s0kNBpGxJg6bq74mUhFqPQt92hsQM9Lw3Ef/z2okJLr2UyzgxTNLZoiARyERoEgDqccWoESNLCFXc3orogChCjY2pYEPA8y8vksZZBbsVfH9eql5nceThAA6hDBguoAq3UIM6UIjhGV7hzUmcF+fd+Zi15pxsZh/+wPn8Abm9kCg=</latexit><latexit sha1_base64="jNvXHstOKWmyqnjjMa4gOSPQwFA=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahIpaNCHpRCl48eKhgP6BdSzbNtqHZ7JJkhbL0b3jxoIhX/4w3/41puwdtfTDweG+GmXl+LLg2rvvt5JaWV1bX8uuFjc2t7Z3i7l5DR4mirE4jEamWTzQTXLK64UawVqwYCX3Bmv7wZuI3n5jSPJIPZhQzLyR9yQNOibFSp3ZVPsXHj+ndCR53iyW34k6BFgnOSAky1LrFr04voknIpKGCaN3Gbmy8lCjDqWDjQifRLCZ0SPqsbakkIdNeOr15jI6s0kNBpGxJg6bq74mUhFqPQt92hsQM9Lw3Ef/z2okJLr2UyzgxTNLZoiARyERoEgDqccWoESNLCFXc3orogChCjY2pYEPA8y8vksZZBbsVfH9eql5nceThAA6hDBguoAq3UIM6UIjhGV7hzUmcF+fd+Zi15pxsZh/+wPn8Abm9kCg=</latexit><latexit sha1_base64="jNvXHstOKWmyqnjjMa4gOSPQwFA=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahIpaNCHpRCl48eKhgP6BdSzbNtqHZ7JJkhbL0b3jxoIhX/4w3/41puwdtfTDweG+GmXl+LLg2rvvt5JaWV1bX8uuFjc2t7Z3i7l5DR4mirE4jEamWTzQTXLK64UawVqwYCX3Bmv7wZuI3n5jSPJIPZhQzLyR9yQNOibFSp3ZVPsXHj+ndCR53iyW34k6BFgnOSAky1LrFr04voknIpKGCaN3Gbmy8lCjDqWDjQifRLCZ0SPqsbakkIdNeOr15jI6s0kNBpGxJg6bq74mUhFqPQt92hsQM9Lw3Ef/z2okJLr2UyzgxTNLZoiARyERoEgDqccWoESNLCFXc3orogChCjY2pYEPA8y8vksZZBbsVfH9eql5nceThAA6hDBguoAq3UIM6UIjhGV7hzUmcF+fd+Zi15pxsZh/+wPn8Abm9kCg=</latexit>

C = (�1)L+S
<latexit sha1_base64="E5A4oOqljuWGYFDzT4M4XE7dEIo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahIpZEBL0ohV48eKhoP6CNZbPdtEs3m7C7EUrI3/DiQRGv/hlv/hu3bQ7a+mDg8d4MM/O8iDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2mCmNJaIOEPJRtDyvKmaANzTSn7UhSHHictrxRbeK3nqhULBQPehxRN8ADwXxGsDZSt3ZVPnWOH5Pbk/u0VyzZFXsKtEicjJQgQ71X/Or2QxIHVGjCsVIdx460m2CpGeE0LXRjRSNMRnhAO4YKHFDlJtObU3RklD7yQ2lKaDRVf08kOFBqHHimM8B6qOa9ifif14m1f+kmTESxpoLMFvkxRzpEkwBQn0lKNB8bgolk5lZEhlhiok1MBROCM//yImmeVRy74tydl6rXWRx5OIBDKIMDF1CFG6hDAwhE8Ayv8GbF1ov1bn3MWnNWNrMPf2B9/gDZJJA9</latexit><latexit sha1_base64="E5A4oOqljuWGYFDzT4M4XE7dEIo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahIpZEBL0ohV48eKhoP6CNZbPdtEs3m7C7EUrI3/DiQRGv/hlv/hu3bQ7a+mDg8d4MM/O8iDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2mCmNJaIOEPJRtDyvKmaANzTSn7UhSHHictrxRbeK3nqhULBQPehxRN8ADwXxGsDZSt3ZVPnWOH5Pbk/u0VyzZFXsKtEicjJQgQ71X/Or2QxIHVGjCsVIdx460m2CpGeE0LXRjRSNMRnhAO4YKHFDlJtObU3RklD7yQ2lKaDRVf08kOFBqHHimM8B6qOa9ifif14m1f+kmTESxpoLMFvkxRzpEkwBQn0lKNB8bgolk5lZEhlhiok1MBROCM//yImmeVRy74tydl6rXWRx5OIBDKIMDF1CFG6hDAwhE8Ayv8GbF1ov1bn3MWnNWNrMPf2B9/gDZJJA9</latexit><latexit sha1_base64="E5A4oOqljuWGYFDzT4M4XE7dEIo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahIpZEBL0ohV48eKhoP6CNZbPdtEs3m7C7EUrI3/DiQRGv/hlv/hu3bQ7a+mDg8d4MM/O8iDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2mCmNJaIOEPJRtDyvKmaANzTSn7UhSHHictrxRbeK3nqhULBQPehxRN8ADwXxGsDZSt3ZVPnWOH5Pbk/u0VyzZFXsKtEicjJQgQ71X/Or2QxIHVGjCsVIdx460m2CpGeE0LXRjRSNMRnhAO4YKHFDlJtObU3RklD7yQ2lKaDRVf08kOFBqHHimM8B6qOa9ifif14m1f+kmTESxpoLMFvkxRzpEkwBQn0lKNB8bgolk5lZEhlhiok1MBROCM//yImmeVRy74tydl6rXWRx5OIBDKIMDF1CFG6hDAwhE8Ayv8GbF1ov1bn3MWnNWNrMPf2B9/gDZJJA9</latexit><latexit sha1_base64="E5A4oOqljuWGYFDzT4M4XE7dEIo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahIpZEBL0ohV48eKhoP6CNZbPdtEs3m7C7EUrI3/DiQRGv/hlv/hu3bQ7a+mDg8d4MM/O8iDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2mCmNJaIOEPJRtDyvKmaANzTSn7UhSHHictrxRbeK3nqhULBQPehxRN8ADwXxGsDZSt3ZVPnWOH5Pbk/u0VyzZFXsKtEicjJQgQ71X/Or2QxIHVGjCsVIdx460m2CpGeE0LXRjRSNMRnhAO4YKHFDlJtObU3RklD7yQ2lKaDRVf08kOFBqHHimM8B6qOa9ifif14m1f+kmTESxpoLMFvkxRzpEkwBQn0lKNB8bgolk5lZEhlhiok1MBROCM//yImmeVRy74tydl6rXWRx5OIBDKIMDF1CFG6hDAwhE8Ayv8GbF1ov1bn3MWnNWNrMPf2B9/gDZJJA9</latexit>

• Configurations with additional gluonic degrees of freedom allowed:

[M.Gell-Mann, 
Phys.Lett. 8, 3 (1964)]

• Hybrids (mesons with excited  
gluonic degrees of freedom) 

 • Glueballs  
(no valence quark content)
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Meson-like states in the Quark Model

[see e.g. PRD 92, 014005;  PRD90, 014044 , …]

• Meson configurations apart from      allowed within the quark model: 
• Multiquark states (various possibilities for internal structure!): 

      Tetraquark                   Di-quarkonium                 Molecule                Hadro-quarkonium

qq

qq
<latexit sha1_base64="wyzFvlI3T2yuWi/jM3oDZGwgWzM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuaSaZJplCGfocbF4q49WPc+TdmprPQ1gOBwzn3cG9OEHOmjet+O6WNza3tnfJuZW//4PCoenzS1jJRhLaI5FJ1A6wpZ4K2DDOcdmNFcRRw2gkm95nfmVGlmRRPZh5TP8IjwUJGsLGSP+1L62bhdLoYVGtu3c2B1olXkBoUaA6qX/2hJElEhSEca93z3Nj4KVaGEU4XlX6iaYzJBI9oz1KBI6r9ND96gS6sMkShVPYJg3L1dyLFkdbzKLCTETZjvepl4n9eLzHhrZ8yESeGCrJcFCYcGYmyBtCQKUoMn1uCiWL2VkTGWGFibE8VW4K3+uV10r6qe27de7yuNe6KOspwBudwCR7cQAMeoAktIDCFZ3iFN2fmvDjvzsdytOQUmVP4A+fzB4pwkpY=</latexit><latexit sha1_base64="wyzFvlI3T2yuWi/jM3oDZGwgWzM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuaSaZJplCGfocbF4q49WPc+TdmprPQ1gOBwzn3cG9OEHOmjet+O6WNza3tnfJuZW//4PCoenzS1jJRhLaI5FJ1A6wpZ4K2DDOcdmNFcRRw2gkm95nfmVGlmRRPZh5TP8IjwUJGsLGSP+1L62bhdLoYVGtu3c2B1olXkBoUaA6qX/2hJElEhSEca93z3Nj4KVaGEU4XlX6iaYzJBI9oz1KBI6r9ND96gS6sMkShVPYJg3L1dyLFkdbzKLCTETZjvepl4n9eLzHhrZ8yESeGCrJcFCYcGYmyBtCQKUoMn1uCiWL2VkTGWGFibE8VW4K3+uV10r6qe27de7yuNe6KOspwBudwCR7cQAMeoAktIDCFZ3iFN2fmvDjvzsdytOQUmVP4A+fzB4pwkpY=</latexit><latexit sha1_base64="wyzFvlI3T2yuWi/jM3oDZGwgWzM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuaSaZJplCGfocbF4q49WPc+TdmprPQ1gOBwzn3cG9OEHOmjet+O6WNza3tnfJuZW//4PCoenzS1jJRhLaI5FJ1A6wpZ4K2DDOcdmNFcRRw2gkm95nfmVGlmRRPZh5TP8IjwUJGsLGSP+1L62bhdLoYVGtu3c2B1olXkBoUaA6qX/2hJElEhSEca93z3Nj4KVaGEU4XlX6iaYzJBI9oz1KBI6r9ND96gS6sMkShVPYJg3L1dyLFkdbzKLCTETZjvepl4n9eLzHhrZ8yESeGCrJcFCYcGYmyBtCQKUoMn1uCiWL2VkTGWGFibE8VW4K3+uV10r6qe27de7yuNe6KOspwBudwCR7cQAMeoAktIDCFZ3iFN2fmvDjvzsdytOQUmVP4A+fzB4pwkpY=</latexit><latexit sha1_base64="wyzFvlI3T2yuWi/jM3oDZGwgWzM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuaSaZJplCGfocbF4q49WPc+TdmprPQ1gOBwzn3cG9OEHOmjet+O6WNza3tnfJuZW//4PCoenzS1jJRhLaI5FJ1A6wpZ4K2DDOcdmNFcRRw2gkm95nfmVGlmRRPZh5TP8IjwUJGsLGSP+1L62bhdLoYVGtu3c2B1olXkBoUaA6qX/2hJElEhSEca93z3Nj4KVaGEU4XlX6iaYzJBI9oz1KBI6r9ND96gS6sMkShVPYJg3L1dyLFkdbzKLCTETZjvepl4n9eLzHhrZ8yESeGCrJcFCYcGYmyBtCQKUoMn1uCiWL2VkTGWGFibE8VW4K3+uV10r6qe27de7yuNe6KOspwBudwCR7cQAMeoAktIDCFZ3iFN2fmvDjvzsdytOQUmVP4A+fzB4pwkpY=</latexit>

qqq
<latexit sha1_base64="zaw5sEaVSa7oQFSrOJcVZ4zlpFU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0s0l3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3nlBpHstHM0nQj+hA8pAzaqz0MB6Pe+WKW3XnIKvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nAaambakwoG9EBdiyVNELtZ/NTp+TMKn0SxsqWNGSu/p7IaKT1JApsZ0TNUC97M/E/r5Oa8NrPuExSg5ItFoWpICYms79JnytkRkwsoUxxeythQ6ooMzadkg3BW355lTQvqp5b9e4vK7WbPI4inMApnIMHV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gB9YI3r</latexit><latexit sha1_base64="zaw5sEaVSa7oQFSrOJcVZ4zlpFU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0s0l3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3nlBpHstHM0nQj+hA8pAzaqz0MB6Pe+WKW3XnIKvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nAaambakwoG9EBdiyVNELtZ/NTp+TMKn0SxsqWNGSu/p7IaKT1JApsZ0TNUC97M/E/r5Oa8NrPuExSg5ItFoWpICYms79JnytkRkwsoUxxeythQ6ooMzadkg3BW355lTQvqp5b9e4vK7WbPI4inMApnIMHV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gB9YI3r</latexit><latexit sha1_base64="zaw5sEaVSa7oQFSrOJcVZ4zlpFU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0s0l3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3nlBpHstHM0nQj+hA8pAzaqz0MB6Pe+WKW3XnIKvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nAaambakwoG9EBdiyVNELtZ/NTp+TMKn0SxsqWNGSu/p7IaKT1JApsZ0TNUC97M/E/r5Oa8NrPuExSg5ItFoWpICYms79JnytkRkwsoUxxeythQ6ooMzadkg3BW355lTQvqp5b9e4vK7WbPI4inMApnIMHV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gB9YI3r</latexit><latexit sha1_base64="zaw5sEaVSa7oQFSrOJcVZ4zlpFU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0s0l3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3nlBpHstHM0nQj+hA8pAzaqz0MB6Pe+WKW3XnIKvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nAaambakwoG9EBdiyVNELtZ/NTp+TMKn0SxsqWNGSu/p7IaKT1JApsZ0TNUC97M/E/r5Oa8NrPuExSg5ItFoWpICYms79JnytkRkwsoUxxeythQ6ooMzadkg3BW355lTQvqp5b9e4vK7WbPI4inMApnIMHV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gB9YI3r</latexit>

qq
<latexit sha1_base64="wyzFvlI3T2yuWi/jM3oDZGwgWzM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuaSaZJplCGfocbF4q49WPc+TdmprPQ1gOBwzn3cG9OEHOmjet+O6WNza3tnfJuZW//4PCoenzS1jJRhLaI5FJ1A6wpZ4K2DDOcdmNFcRRw2gkm95nfmVGlmRRPZh5TP8IjwUJGsLGSP+1L62bhdLoYVGtu3c2B1olXkBoUaA6qX/2hJElEhSEca93z3Nj4KVaGEU4XlX6iaYzJBI9oz1KBI6r9ND96gS6sMkShVPYJg3L1dyLFkdbzKLCTETZjvepl4n9eLzHhrZ8yESeGCrJcFCYcGYmyBtCQKUoMn1uCiWL2VkTGWGFibE8VW4K3+uV10r6qe27de7yuNe6KOspwBudwCR7cQAMeoAktIDCFZ3iFN2fmvDjvzsdytOQUmVP4A+fzB4pwkpY=</latexit><latexit sha1_base64="wyzFvlI3T2yuWi/jM3oDZGwgWzM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuaSaZJplCGfocbF4q49WPc+TdmprPQ1gOBwzn3cG9OEHOmjet+O6WNza3tnfJuZW//4PCoenzS1jJRhLaI5FJ1A6wpZ4K2DDOcdmNFcRRw2gkm95nfmVGlmRRPZh5TP8IjwUJGsLGSP+1L62bhdLoYVGtu3c2B1olXkBoUaA6qX/2hJElEhSEca93z3Nj4KVaGEU4XlX6iaYzJBI9oz1KBI6r9ND96gS6sMkShVPYJg3L1dyLFkdbzKLCTETZjvepl4n9eLzHhrZ8yESeGCrJcFCYcGYmyBtCQKUoMn1uCiWL2VkTGWGFibE8VW4K3+uV10r6qe27de7yuNe6KOspwBudwCR7cQAMeoAktIDCFZ3iFN2fmvDjvzsdytOQUmVP4A+fzB4pwkpY=</latexit><latexit sha1_base64="wyzFvlI3T2yuWi/jM3oDZGwgWzM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuaSaZJplCGfocbF4q49WPc+TdmprPQ1gOBwzn3cG9OEHOmjet+O6WNza3tnfJuZW//4PCoenzS1jJRhLaI5FJ1A6wpZ4K2DDOcdmNFcRRw2gkm95nfmVGlmRRPZh5TP8IjwUJGsLGSP+1L62bhdLoYVGtu3c2B1olXkBoUaA6qX/2hJElEhSEca93z3Nj4KVaGEU4XlX6iaYzJBI9oz1KBI6r9ND96gS6sMkShVPYJg3L1dyLFkdbzKLCTETZjvepl4n9eLzHhrZ8yESeGCrJcFCYcGYmyBtCQKUoMn1uCiWL2VkTGWGFibE8VW4K3+uV10r6qe27de7yuNe6KOspwBudwCR7cQAMeoAktIDCFZ3iFN2fmvDjvzsdytOQUmVP4A+fzB4pwkpY=</latexit><latexit sha1_base64="wyzFvlI3T2yuWi/jM3oDZGwgWzM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuaSaZJplCGfocbF4q49WPc+TdmprPQ1gOBwzn3cG9OEHOmjet+O6WNza3tnfJuZW//4PCoenzS1jJRhLaI5FJ1A6wpZ4K2DDOcdmNFcRRw2gkm95nfmVGlmRRPZh5TP8IjwUJGsLGSP+1L62bhdLoYVGtu3c2B1olXkBoUaA6qX/2hJElEhSEca93z3Nj4KVaGEU4XlX6iaYzJBI9oz1KBI6r9ND96gS6sMkShVPYJg3L1dyLFkdbzKLCTETZjvepl4n9eLzHhrZ8yESeGCrJcFCYcGYmyBtCQKUoMn1uCiWL2VkTGWGFibE8VW4K3+uV10r6qe27de7yuNe6KOspwBudwCR7cQAMeoAktIDCFZ3iFN2fmvDjvzsdytOQUmVP4A+fzB4pwkpY=</latexit>

JPC = 0�+, 0++, 1��, 1+�, 2++, ...
<latexit sha1_base64="0RXGZPt4jZNJV5PBMwP5ANfJhHQ=">AAACFnicbVDLSgMxFM3UV62vUZdugkUQaoeZIuhGKHYjrirYB7TTkknTNjSTGZKMUIb5Cjf+ihsXirgVd/6N6XQW2nognJNz7yW5xwsZlcq2v43cyura+kZ+s7C1vbO7Z+4fNGUQCUwaOGCBaHtIEkY5aSiqGGmHgiDfY6TlTWqzeuuBCEkDfq+mIXF9NOJ0SDFS2uqb5dteXK8lV3YvLpeSM00lTY6+lVMqaarMTcuy+mbRtuwUcFk4mSiCDPW++dUdBDjyCVeYISk7jh0qN0ZCUcxIUuhGkoQIT9CIdLTkyCfSjdO1EniinQEcBkIfrmDq/p6IkS/l1Pd0p4/UWC7WZuZ/tU6khpduTHkYKcLx/KFhxKAK4CwjOKCCYMWmWiAsqP4rxGMkEFY6yYIOwVlceVk0K5ZjW87debF6ncWRB0fgGJwCB1yAKrgBddAAGDyCZ/AK3own48V4Nz7mrTkjmzkEf2B8/gA21Jub</latexit><latexit sha1_base64="0RXGZPt4jZNJV5PBMwP5ANfJhHQ=">AAACFnicbVDLSgMxFM3UV62vUZdugkUQaoeZIuhGKHYjrirYB7TTkknTNjSTGZKMUIb5Cjf+ihsXirgVd/6N6XQW2nognJNz7yW5xwsZlcq2v43cyura+kZ+s7C1vbO7Z+4fNGUQCUwaOGCBaHtIEkY5aSiqGGmHgiDfY6TlTWqzeuuBCEkDfq+mIXF9NOJ0SDFS2uqb5dteXK8lV3YvLpeSM00lTY6+lVMqaarMTcuy+mbRtuwUcFk4mSiCDPW++dUdBDjyCVeYISk7jh0qN0ZCUcxIUuhGkoQIT9CIdLTkyCfSjdO1EniinQEcBkIfrmDq/p6IkS/l1Pd0p4/UWC7WZuZ/tU6khpduTHkYKcLx/KFhxKAK4CwjOKCCYMWmWiAsqP4rxGMkEFY6yYIOwVlceVk0K5ZjW87debF6ncWRB0fgGJwCB1yAKrgBddAAGDyCZ/AK3own48V4Nz7mrTkjmzkEf2B8/gA21Jub</latexit><latexit sha1_base64="0RXGZPt4jZNJV5PBMwP5ANfJhHQ=">AAACFnicbVDLSgMxFM3UV62vUZdugkUQaoeZIuhGKHYjrirYB7TTkknTNjSTGZKMUIb5Cjf+ihsXirgVd/6N6XQW2nognJNz7yW5xwsZlcq2v43cyura+kZ+s7C1vbO7Z+4fNGUQCUwaOGCBaHtIEkY5aSiqGGmHgiDfY6TlTWqzeuuBCEkDfq+mIXF9NOJ0SDFS2uqb5dteXK8lV3YvLpeSM00lTY6+lVMqaarMTcuy+mbRtuwUcFk4mSiCDPW++dUdBDjyCVeYISk7jh0qN0ZCUcxIUuhGkoQIT9CIdLTkyCfSjdO1EniinQEcBkIfrmDq/p6IkS/l1Pd0p4/UWC7WZuZ/tU6khpduTHkYKcLx/KFhxKAK4CwjOKCCYMWmWiAsqP4rxGMkEFY6yYIOwVlceVk0K5ZjW87debF6ncWRB0fgGJwCB1yAKrgBddAAGDyCZ/AK3own48V4Nz7mrTkjmzkEf2B8/gA21Jub</latexit><latexit sha1_base64="0RXGZPt4jZNJV5PBMwP5ANfJhHQ=">AAACFnicbVDLSgMxFM3UV62vUZdugkUQaoeZIuhGKHYjrirYB7TTkknTNjSTGZKMUIb5Cjf+ihsXirgVd/6N6XQW2nognJNz7yW5xwsZlcq2v43cyura+kZ+s7C1vbO7Z+4fNGUQCUwaOGCBaHtIEkY5aSiqGGmHgiDfY6TlTWqzeuuBCEkDfq+mIXF9NOJ0SDFS2uqb5dteXK8lV3YvLpeSM00lTY6+lVMqaarMTcuy+mbRtuwUcFk4mSiCDPW++dUdBDjyCVeYISk7jh0qN0ZCUcxIUuhGkoQIT9CIdLTkyCfSjdO1EniinQEcBkIfrmDq/p6IkS/l1Pd0p4/UWC7WZuZ/tU6khpduTHkYKcLx/KFhxKAK4CwjOKCCYMWmWiAsqP4rxGMkEFY6yYIOwVlceVk0K5ZjW87debF6ncWRB0fgGJwCB1yAKrgBddAAGDyCZ/AK3own48V4Nz7mrTkjmzkEf2B8/gA21Jub</latexit>

JPC = 0��, 0+�, 1�+, 2+�, ...
<latexit sha1_base64="4MIAbsW4XBwM8Q2plwR2+wi8sL0=">AAACD3icbVDLSgMxFM3UV62vUZdugkUR2g4zRdCNUOxGXFWwD2inJZNm2tBMZkgyQhnmD9z4K25cKOLWrTv/xvSx0NYD4Z577r3c3ONFjEpl299GZmV1bX0ju5nb2t7Z3TP3DxoyjAUmdRyyULQ8JAmjnNQVVYy0IkFQ4DHS9EbVSb35QISkIb9X44i4ARpw6lOMlJZ65ultN6lV0yu7m5RKaVGHgg6OzgppsTzLLMvqmXnbsqeAy8SZkzyYo9Yzvzr9EMcB4QozJGXbsSPlJkgoihlJc51YkgjhERqQtqYcBUS6yfSeFJ5opQ/9UOjHFZyqvycSFEg5DjzdGSA1lIu1ifhfrR0r/9JNKI9iRTieLfJjBlUIJ+bAPhUEKzbWBGFB9V8hHiKBsNIW5rQJzuLJy6RRthzbcu7O85XruR1ZcASOwRlwwAWogBtQA3WAwSN4Bq/gzXgyXox342PWmjHmM4fgD4zPH8hdmU4=</latexit><latexit sha1_base64="4MIAbsW4XBwM8Q2plwR2+wi8sL0=">AAACD3icbVDLSgMxFM3UV62vUZdugkUR2g4zRdCNUOxGXFWwD2inJZNm2tBMZkgyQhnmD9z4K25cKOLWrTv/xvSx0NYD4Z577r3c3ONFjEpl299GZmV1bX0ju5nb2t7Z3TP3DxoyjAUmdRyyULQ8JAmjnNQVVYy0IkFQ4DHS9EbVSb35QISkIb9X44i4ARpw6lOMlJZ65ultN6lV0yu7m5RKaVGHgg6OzgppsTzLLMvqmXnbsqeAy8SZkzyYo9Yzvzr9EMcB4QozJGXbsSPlJkgoihlJc51YkgjhERqQtqYcBUS6yfSeFJ5opQ/9UOjHFZyqvycSFEg5DjzdGSA1lIu1ifhfrR0r/9JNKI9iRTieLfJjBlUIJ+bAPhUEKzbWBGFB9V8hHiKBsNIW5rQJzuLJy6RRthzbcu7O85XruR1ZcASOwRlwwAWogBtQA3WAwSN4Bq/gzXgyXox342PWmjHmM4fgD4zPH8hdmU4=</latexit><latexit sha1_base64="4MIAbsW4XBwM8Q2plwR2+wi8sL0=">AAACD3icbVDLSgMxFM3UV62vUZdugkUR2g4zRdCNUOxGXFWwD2inJZNm2tBMZkgyQhnmD9z4K25cKOLWrTv/xvSx0NYD4Z577r3c3ONFjEpl299GZmV1bX0ju5nb2t7Z3TP3DxoyjAUmdRyyULQ8JAmjnNQVVYy0IkFQ4DHS9EbVSb35QISkIb9X44i4ARpw6lOMlJZ65ultN6lV0yu7m5RKaVGHgg6OzgppsTzLLMvqmXnbsqeAy8SZkzyYo9Yzvzr9EMcB4QozJGXbsSPlJkgoihlJc51YkgjhERqQtqYcBUS6yfSeFJ5opQ/9UOjHFZyqvycSFEg5DjzdGSA1lIu1ifhfrR0r/9JNKI9iRTieLfJjBlUIJ+bAPhUEKzbWBGFB9V8hHiKBsNIW5rQJzuLJy6RRthzbcu7O85XruR1ZcASOwRlwwAWogBtQA3WAwSN4Bq/gzXgyXox342PWmjHmM4fgD4zPH8hdmU4=</latexit><latexit sha1_base64="4MIAbsW4XBwM8Q2plwR2+wi8sL0=">AAACD3icbVDLSgMxFM3UV62vUZdugkUR2g4zRdCNUOxGXFWwD2inJZNm2tBMZkgyQhnmD9z4K25cKOLWrTv/xvSx0NYD4Z577r3c3ONFjEpl299GZmV1bX0ju5nb2t7Z3TP3DxoyjAUmdRyyULQ8JAmjnNQVVYy0IkFQ4DHS9EbVSb35QISkIb9X44i4ARpw6lOMlJZ65ultN6lV0yu7m5RKaVGHgg6OzgppsTzLLMvqmXnbsqeAy8SZkzyYo9Yzvzr9EMcB4QozJGXbsSPlJkgoihlJc51YkgjhERqQtqYcBUS6yfSeFJ5opQ/9UOjHFZyqvycSFEg5DjzdGSA1lIu1ifhfrR0r/9JNKI9iRTieLfJjBlUIJ+bAPhUEKzbWBGFB9V8hHiKBsNIW5rQJzuLJy6RRthzbcu7O85XruR1ZcASOwRlwwAWogBtQA3WAwSN4Bq/gzXgyXox342PWmjHmM4fgD4zPH8hdmU4=</latexit>

JPC
<latexit sha1_base64="ZEZpLLYoXu5BYbIr6skU9w3Bp+0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjsRTxVsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHtanfemLacCXv7ThhQUwGkkecEuuk5u1DVq9NeqWyV/FmwMvEz0kZctR7pa9uX9E0ZtJSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrOOoJDEzQTa7doJPndLHkdKupMUz9fdERmJjxnHoOmNih2bRm4r/eZ3URldBxmWSWibpfFGUCmwVnr6O+1wzasXYEUI1d7diOiSaUOsCKroQ/MWXl0nzvOJ7Ff/uoly9zuMowDGcwBn4cAlVuIE6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gBDp47p</latexit><latexit sha1_base64="ZEZpLLYoXu5BYbIr6skU9w3Bp+0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjsRTxVsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHtanfemLacCXv7ThhQUwGkkecEuuk5u1DVq9NeqWyV/FmwMvEz0kZctR7pa9uX9E0ZtJSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrOOoJDEzQTa7doJPndLHkdKupMUz9fdERmJjxnHoOmNih2bRm4r/eZ3URldBxmWSWibpfFGUCmwVnr6O+1wzasXYEUI1d7diOiSaUOsCKroQ/MWXl0nzvOJ7Ff/uoly9zuMowDGcwBn4cAlVuIE6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gBDp47p</latexit><latexit sha1_base64="ZEZpLLYoXu5BYbIr6skU9w3Bp+0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjsRTxVsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHtanfemLacCXv7ThhQUwGkkecEuuk5u1DVq9NeqWyV/FmwMvEz0kZctR7pa9uX9E0ZtJSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrOOoJDEzQTa7doJPndLHkdKupMUz9fdERmJjxnHoOmNih2bRm4r/eZ3URldBxmWSWibpfFGUCmwVnr6O+1wzasXYEUI1d7diOiSaUOsCKroQ/MWXl0nzvOJ7Ff/uoly9zuMowDGcwBn4cAlVuIE6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gBDp47p</latexit><latexit sha1_base64="ZEZpLLYoXu5BYbIr6skU9w3Bp+0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjsRTxVsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHtanfemLacCXv7ThhQUwGkkecEuuk5u1DVq9NeqWyV/FmwMvEz0kZctR7pa9uX9E0ZtJSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrOOoJDEzQTa7doJPndLHkdKupMUz9fdERmJjxnHoOmNih2bRm4r/eZ3URldBxmWSWibpfFGUCmwVnr6O+1wzasXYEUI1d7diOiSaUOsCKroQ/MWXl0nzvOJ7Ff/uoly9zuMowDGcwBn4cAlVuIE6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gBDp47p</latexit>

Hybrid search: Primary motivation for the construction of Hall-D / GlueX
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Hybrid Mesons
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• Hints for spin-exotic states 
already in 1980s

• Observed at various 
experiments

• From PWA: 

•                     .

•                          .

• Clear contribution of 
exotic wave 

• Two genuine resonances?

JPC = 1�+
<latexit sha1_base64="Lf3ggaKgCAqqtgrfH99kH8FIHHI=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEsigl6EYi/iqYL9gDYtm+2mXbrZxN1NoYT8Di8eFPHqj/Hmv3Hb5qCtDwYe780wM8+LOFPatr+t3Mrq2vpGfrOwtb2zu1fcP2ioMJaE1knIQ9nysKKcCVrXTHPaiiTFgcdp0xtVp35zTKVioXjUk4i6AR4I5jOCtZHc+25Sq6Y3Tjc5P0t7xZJdtmdAy8TJSAky1HrFr04/JHFAhSYcK9V27Ei7CZaaEU7TQidWNMJkhAe0bajAAVVuMjs6RSdG6SM/lKaERjP190SCA6UmgWc6A6yHatGbiv957Vj7127CRBRrKsh8kR9zpEM0TQD1maRE84khmEhmbkVkiCUm2uRUMCE4iy8vk8ZF2bHLzsNlqXKbxZGHIziGU3DgCipwBzWoA4EneIZXeLPG1ov1bn3MW3NWNnMIf2B9/gCONZFL</latexit><latexit sha1_base64="Lf3ggaKgCAqqtgrfH99kH8FIHHI=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEsigl6EYi/iqYL9gDYtm+2mXbrZxN1NoYT8Di8eFPHqj/Hmv3Hb5qCtDwYe780wM8+LOFPatr+t3Mrq2vpGfrOwtb2zu1fcP2ioMJaE1knIQ9nysKKcCVrXTHPaiiTFgcdp0xtVp35zTKVioXjUk4i6AR4I5jOCtZHc+25Sq6Y3Tjc5P0t7xZJdtmdAy8TJSAky1HrFr04/JHFAhSYcK9V27Ei7CZaaEU7TQidWNMJkhAe0bajAAVVuMjs6RSdG6SM/lKaERjP190SCA6UmgWc6A6yHatGbiv957Vj7127CRBRrKsh8kR9zpEM0TQD1maRE84khmEhmbkVkiCUm2uRUMCE4iy8vk8ZF2bHLzsNlqXKbxZGHIziGU3DgCipwBzWoA4EneIZXeLPG1ov1bn3MW3NWNnMIf2B9/gCONZFL</latexit><latexit sha1_base64="Lf3ggaKgCAqqtgrfH99kH8FIHHI=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEsigl6EYi/iqYL9gDYtm+2mXbrZxN1NoYT8Di8eFPHqj/Hmv3Hb5qCtDwYe780wM8+LOFPatr+t3Mrq2vpGfrOwtb2zu1fcP2ioMJaE1knIQ9nysKKcCVrXTHPaiiTFgcdp0xtVp35zTKVioXjUk4i6AR4I5jOCtZHc+25Sq6Y3Tjc5P0t7xZJdtmdAy8TJSAky1HrFr04/JHFAhSYcK9V27Ei7CZaaEU7TQidWNMJkhAe0bajAAVVuMjs6RSdG6SM/lKaERjP190SCA6UmgWc6A6yHatGbiv957Vj7127CRBRrKsh8kR9zpEM0TQD1maRE84khmEhmbkVkiCUm2uRUMCE4iy8vk8ZF2bHLzsNlqXKbxZGHIziGU3DgCipwBzWoA4EneIZXeLPG1ov1bn3MW3NWNnMIf2B9/gCONZFL</latexit><latexit sha1_base64="Lf3ggaKgCAqqtgrfH99kH8FIHHI=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEsigl6EYi/iqYL9gDYtm+2mXbrZxN1NoYT8Di8eFPHqj/Hmv3Hb5qCtDwYe780wM8+LOFPatr+t3Mrq2vpGfrOwtb2zu1fcP2ioMJaE1knIQ9nysKKcCVrXTHPaiiTFgcdp0xtVp35zTKVioXjUk4i6AR4I5jOCtZHc+25Sq6Y3Tjc5P0t7xZJdtmdAy8TJSAky1HrFr04/JHFAhSYcK9V27Ei7CZaaEU7TQidWNMJkhAe0bajAAVVuMjs6RSdG6SM/lKaERjP190SCA6UmgWc6A6yHatGbiv957Vj7127CRBRrKsh8kR9zpEM0TQD1maRE84khmEhmbkVkiCUm2uRUMCE4iy8vk8ZF2bHLzsNlqXKbxZGHIziGU3DgCipwBzWoA4EneIZXeLPG1ov1bn3MW3NWNnMIf2B9/gCONZFL</latexit>

⇡1(1400) in ⌘⇡
<latexit sha1_base64="TTXiJ59Fp478PHrQrRFBUBnUU30=">AAACCHicbVC7SgNBFJ2NrxhfUUsLB4MQm7ArAS2DNpYRzAOyS5id3CRDZh/M3BXDktLGX7GxUMTWT7Dzb5xNUmjigYHDOfdy5xw/lkKjbX9buZXVtfWN/GZha3tnd6+4f9DUUaI4NHgkI9X2mQYpQmigQAntWAELfAktf3Sd+a17UFpE4R2OY/ACNghFX3CGRuoWj91YdJ2yU7XtM5e6CA+YinBiKCDLvGLJrthT0GXizEmJzFHvFr/cXsSTAELkkmndcewYvZQpFFzCpOAmGmLGR2wAHUNDFoD20mmQCT01So/2I2VeiHSq/t5IWaD1OPDNZMBwqBe9TPzP6yTYv/RMsDhBCPnsUD+RFCOatUJ7QgFHOTaEcSXMXykfMsU4mu4KpgRnMfIyaZ5XHLvi3FZLtat5HXlyRE5ImTjkgtTIDamTBuHkkTyTV/JmPVkv1rv1MRvNWfOdQ/IH1ucPkrWYbw==</latexit><latexit sha1_base64="TTXiJ59Fp478PHrQrRFBUBnUU30=">AAACCHicbVC7SgNBFJ2NrxhfUUsLB4MQm7ArAS2DNpYRzAOyS5id3CRDZh/M3BXDktLGX7GxUMTWT7Dzb5xNUmjigYHDOfdy5xw/lkKjbX9buZXVtfWN/GZha3tnd6+4f9DUUaI4NHgkI9X2mQYpQmigQAntWAELfAktf3Sd+a17UFpE4R2OY/ACNghFX3CGRuoWj91YdJ2yU7XtM5e6CA+YinBiKCDLvGLJrthT0GXizEmJzFHvFr/cXsSTAELkkmndcewYvZQpFFzCpOAmGmLGR2wAHUNDFoD20mmQCT01So/2I2VeiHSq/t5IWaD1OPDNZMBwqBe9TPzP6yTYv/RMsDhBCPnsUD+RFCOatUJ7QgFHOTaEcSXMXykfMsU4mu4KpgRnMfIyaZ5XHLvi3FZLtat5HXlyRE5ImTjkgtTIDamTBuHkkTyTV/JmPVkv1rv1MRvNWfOdQ/IH1ucPkrWYbw==</latexit><latexit sha1_base64="TTXiJ59Fp478PHrQrRFBUBnUU30=">AAACCHicbVC7SgNBFJ2NrxhfUUsLB4MQm7ArAS2DNpYRzAOyS5id3CRDZh/M3BXDktLGX7GxUMTWT7Dzb5xNUmjigYHDOfdy5xw/lkKjbX9buZXVtfWN/GZha3tnd6+4f9DUUaI4NHgkI9X2mQYpQmigQAntWAELfAktf3Sd+a17UFpE4R2OY/ACNghFX3CGRuoWj91YdJ2yU7XtM5e6CA+YinBiKCDLvGLJrthT0GXizEmJzFHvFr/cXsSTAELkkmndcewYvZQpFFzCpOAmGmLGR2wAHUNDFoD20mmQCT01So/2I2VeiHSq/t5IWaD1OPDNZMBwqBe9TPzP6yTYv/RMsDhBCPnsUD+RFCOatUJ7QgFHOTaEcSXMXykfMsU4mu4KpgRnMfIyaZ5XHLvi3FZLtat5HXlyRE5ImTjkgtTIDamTBuHkkTyTV/JmPVkv1rv1MRvNWfOdQ/IH1ucPkrWYbw==</latexit><latexit sha1_base64="TTXiJ59Fp478PHrQrRFBUBnUU30=">AAACCHicbVC7SgNBFJ2NrxhfUUsLB4MQm7ArAS2DNpYRzAOyS5id3CRDZh/M3BXDktLGX7GxUMTWT7Dzb5xNUmjigYHDOfdy5xw/lkKjbX9buZXVtfWN/GZha3tnd6+4f9DUUaI4NHgkI9X2mQYpQmigQAntWAELfAktf3Sd+a17UFpE4R2OY/ACNghFX3CGRuoWj91YdJ2yU7XtM5e6CA+YinBiKCDLvGLJrthT0GXizEmJzFHvFr/cXsSTAELkkmndcewYvZQpFFzCpOAmGmLGR2wAHUNDFoD20mmQCT01So/2I2VeiHSq/t5IWaD1OPDNZMBwqBe9TPzP6yTYv/RMsDhBCPnsUD+RFCOatUJ7QgFHOTaEcSXMXykfMsU4mu4KpgRnMfIyaZ5XHLvi3FZLtat5HXlyRE5ImTjkgtTIDamTBuHkkTyTV/JmPVkv1rv1MRvNWfOdQ/IH1ucPkrWYbw==</latexit>

➡ Confirm existence (different experiments), measure more properties! 

• The                is seen in: 

✓         interaction 
(E852, VES and COMPASS) 

✓ Possibly seen in        annihilation  
 (CrystalBarrel/LEAR  data) 

• It decays to: 

•                     clearly exotic, 
but controversy persists: 

➡ Is the                 a genuine  
 resonance? 
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“2nd Kind” Exotics: Systematic Investigation

⇡1(1600)

⇢⇡, ⌘0⇡, f1(1285)⇡, b1(1235)⇡

JPC = 1�+

⇡1(1600)

⇡N

pp

➡ High statistics measurement 
 by COMPASS!

Line shape                Phase motion

! 16!

 
 
Figure 7: Dalitz plot of the reaction pp !  ! "! 0"pspectator . The 1−+ resonance π1(1400) shows up as a bunching 

of events above the ρ band. 
 
 
The remarkable outcome, however, is that the 1−+ resonance takes up 11% of the total 
intensity of the Dalitz plot, so its production rate in the antiproton-proton annihilation is 
comparable to those of normal mesons like the a2(1320), with 15% of the total intensity (see 
Figure 8).  
 
 

 
 

Figure 8: The intensity taken by the π1(1400) and the a2(1320) in the pp !  ! "! 0"pspectator Dalitz plot 
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➡ Confirm existence (different experiments), measure more properties! 

• The                is seen in: 

✓         interaction  
(E852, VES and COMPASS) 

✓ Possibly seen in        annihilation  
 (CrystalBarrel/LEAR  data) 

• It decays to: 

•                     clearly exotic, 
but controversy persists: 

➡ Is the                 a genuine  
 resonance? 

 Malte Albrecht                                                                                                              DPG Frühjahrstagung 2018 - Bochum12

“2nd Kind” Exotics: Systematic Investigation

⇡1(1600)

⇢⇡, ⌘0⇡, f1(1285)⇡, b1(1235)⇡

JPC = 1�+

⇡1(1600)

⇡N

pp

JPC = 1�+

⇡1(1600) in ⌘0⇡, ⇢⇡
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The          System

4

• Strongest evidence for  contribution in  
and  channels in  and  reactions

• Possible  states for  system with 
orbital angular momentum :

➡  in an odd wave ( ) has exotic 
quantum numbers

• High priority for GlueX 
 Investigating in parallel: 

π1 ηπ, η′￼π
ρπ πN pp

JPC η(′￼)π
L

η(′￼)π P, F, . . .

→
γp → ηπ0p, ηπ−Δ++, η′￼π0p, η′￼π−Δ++

B. Ketzer, B. Grube and D. Ryabchikov / Progress in Particle and Nuclear Physics 113 (2020) 103755 75

Fig. 37. Invariant mass spectra (not acceptance corrected) of diffractively produced (a) ⌘⇡
� and (b) ⌘

0
⇡

� [109]. The continuous red curves show
the acceptances in the analyzed kinematic ranges.

Fig. 38. Invariant mass spectra (not acceptance corrected) of diffractively produced ⇡
�
⇡

�
⇡

+ using (a) a solid-lead target [190] and (b) a
liquid-hydrogen target [110]. The shaded region in (b) indicates the m3⇡ range used for the Dalitz plot in Fig. 42b.

in the m⌘
0
⇡ spectrum, which instead is dominated by a broad peak at 1.7GeV/c2 that is related to the ⇡1(1600) (see

Section 6.3.3).
The overall t 0 distributions are well described by a simple exponential model of the form (cf. Eqs. (133) and (237))

dN
dt 0

/ t 0 e�b t 0
, (248)

with slope parameters of b = 8.45 (GeV/c)−2 for the ⌘⇡
� final state and of b = 8.0 (GeV/c)−2 for the ⌘

0
⇡

� final state. In
both cases, we observe only a weak mass dependence of b.

6.1.2. The ⇡
�
⇡

�
⇡

+ data samples
The ⇡

�
⇡

�
⇡

+ data samples are substantially larger than the ⌘
(0)

⇡
� data samples. After event selection (see

Refs. [110,190] and Section 4.2.8), we obtain 420000 exclusive events for the solid-lead target and 46 · 106 exclusive
events for the liquid-hydrogen target in the analyzed three-pion mass range 0.5 < m3⇡ < 2.5 GeV/c2. For the lead-target
data, the target recoil was not measured so that the contribution of non-exclusive backgrounds is larger in this sample.
In the analyzed range 0.1 < t 0 < 1.0 (GeV/c)2, the scattering off the lead nucleus is predominantly of incoherent nature,
i.e. the beam pions scatter off individual nucleons within the lead nucleus. Thus the lead-target data are expected to be
similar to the proton-target data. Fig. 38 shows the m3⇡ distributions for the two data samples. They exhibit pronounced
structures that correspond to the well known resonances a1(1260), a2(1320), and ⇡2(1670) (see Sections 6.3.2, 6.3.4 and
6.3.5). As shown in Fig. 39, the t 0 distribution follows an approximately exponential behavior in the analyzed t 0 range.

6.2. Analysis models

All three final states considered here (see Section 6.1) were already studied by previous experiments using similar
scattering reactions with lower pion-beam energies. Since some of the COMPASS data samples, in particular the ⇡

�
⇡

�
⇡

+

proton-target sample, are significantly larger than those obtained by previous experiments, we extend and refine the
analysis models used in previous analyses.

[Phys.Lett.B 740 (2015) 303]

⌘(
0)⇡
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a2(1320)

Definitions

System described by 3 angles:

cos(✓) and � angles of one

daughter particle (⌘(0)
or ⇡) in

the ⌘(0)⇡ rest frame

Angle � between the

polarization vector and the

production plane

Possible JPC
states for ⌘(0)⇡ system with orbital momentum L:

L 0 1 2 3 ...
S P D F

JPC 0++ 1�+ 2++ 3�+ ...

! ⌘(0)⇡ in an odd wave (P ,F ,...) has exotic quantum numbers
Same amplitudes can be used for all ⌘(0)⇡ channels

M.Albrecht (IU) Search for Exotics in ⌘(0)⇡ 7
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Figure 7: Dalitz plot of the reaction pp !  ! "! 0"pspectator . The 1−+ resonance π1(1400) shows up as a bunching 

of events above the ρ band. 
 
 
The remarkable outcome, however, is that the 1−+ resonance takes up 11% of the total 
intensity of the Dalitz plot, so its production rate in the antiproton-proton annihilation is 
comparable to those of normal mesons like the a2(1320), with 15% of the total intensity (see 
Figure 8).  
 
 

 
 

Figure 8: The intensity taken by the π1(1400) and the a2(1320) in the pp !  ! "! 0"pspectator Dalitz plot 
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Two Hybrid Mesons?

5

functions of s in the physical region. The DJðsÞ matrix
represents the ηð0Þπ → ηð0Þπ final state interactions, and
contains cuts on the real axis above thresholds (right-hand
cuts), which are constrained by unitarity.
For the numerator nJkðsÞ, we use an effective expansion

in Chebyshev polynomials. A customary parametrization
of the denominator is given by [52]

DJ
kiðsÞ ¼ ½KJðsÞ−1%ki −

s
π

Z
∞

sk
ds0

ρNJ
kiðs0Þ

s0ðs0 − s − iϵÞ
; ð2Þ

where sk is the threshold in channel k and

ρNJ
kiðs0Þ ¼ δki

λJþ1=2ðs0; m2
ηð0Þ
; m2

πÞ
ðs0 þ sLÞ2Jþ1þα ð3Þ

is an effective description of the left-hand singularities in
the ηð0Þπ → ηð0Þπ scattering, which is controlled by the sL
parameter fixed at the hadronic scale ≃1 GeV2. Finally,

KJ
kiðsÞ ¼

X

R

gJ;Rk gJ;Ri

m2
R − s

þ cJki þ dJkis; ð4Þ

with cJki ¼ cJik and dJki ¼ dJik, is a standard parametrization
for the K matrix. In our reference model, we consider two
K-matrix poles in the D wave, and one single K-matrix
pole in the Pwave; the numerator of each channel and wave
is described by a third-order polynomial. We set α ¼ 2 in

Eq. (3), which has been effective in describing the single-
channel case [40]. The remaining 37 parameters are fitted
to data, by performing a χ2 minimization with MINUIT [53].
As shown in Fig. 1, the result of the best fit is in good
agreement with data. In particular, a single K-matrix pole is
able to correctly describe the P-wave peaks in the two
channels, which are separated by 200 MeV. The shift of the
peak in the ηπ spectrum to lower energies originates from
the combination between final state interactions and the
production process. The uncertainties on the parameters are
estimated via the bootstrap method [54,55]: we generate a
large number of pseudo datasets and refit each one of them.
The (co)variance of the parameters provides an estimate of
their statistical uncertainties and correlations. The values
of the fitted parameters and their covariance matrix are
provided in the Supplemental Material [56]. The average
curve passes the Gaussian test in Ref. [57].
Once the parameters are determined, the amplitudes

can be analytically continued to complex values of s.
The DJðsÞ matrix in Eq. (2) can be continued underneath
the unitarity cut into the closest unphysical Riemann sheet.
A pole sP in the amplitude appears when the determinant
of DJðsPÞ vanishes. Poles close to the real axis influence
the physical region and can be identified as resonances,
whereas further singularities are likely to be artifacts of the
specific model with no direct physical interpretation. For
any practical parametrization, especially in a coupled-
channel problem, it is not possible to specify a priori
the number of poles. Appearance of spurious poles far from
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FIG. 1. Fits to the ηπ (upper line) and η0π (lower line) data from COMPASS [33]. The intensities of the P (left), D wave (center),
and their relative phase (right) are shown. The inset zooms into the region of the a02ð1700Þ. The solid line and green band show the
result of the fit and the 2σ confidence level provided by the bootstrap analysis, respectively. The initialization of the fit is chosen by
randomly generating Oð105Þ different sets of values for the parameters. The best fit has χ2=dof ¼ 162=122 ¼ 1.3. The errors shown
are statistical only.
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• Analysis of COMPASS data from JPAC, recently extended with  data: 
[A.Rodas et.al. PRL 122, 042002 (2019), B.Kopf et.al. Eur.Phys.J.C 81, 1056 (2021)]

• Sophisticated description of          wave with 1-pole, 2-channels

• Observed structures described by a single resonance
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FIG. 11: Isoscalar (green/black) and isovector (blue) meson spectrum on the m⇡ = 391MeV, 243 ⇥ 128 lattice. The vertical
height of each box indicates the statistical uncertainty on the mass determination. States outlined in orange are the lowest-lying
states having dominant overlap with operators featuring a chromomagnetic construction – their interpretation as the lightest
hybrid meson supermultiplet will be discussed later.

extrapolation might be the complex resonance pole posi-
tion, but we do not obtain this in our simple calculations
using only “single-hadron” operators.

We discuss the specific case of the 0�+ and 1�� sys-
tems in the next subsections.

E. The low-lying pseudoscalars: ⇡, ⌘, ⌘0

In lattice calculations of the type performed in this
paper, where isospin is exact and electromagnetism does
not feature, the ⇡ and ⌘ mesons are exactly stable and ⌘

0

is rendered stable since its isospin conserving ⌘⇡⇡ decay
mode is kinematically closed. Because of this, many of
the caveats presented in Section III B do not apply. Fig-
ure 17 shows the quality of the principal correlators from
which we extract the meson masses, in the form of an
e↵ective mass,

me↵ =
1

�t
log

�(t)

�(t+ �t)
, (16)

for the lightest quark mass and largest volume consid-
ered. The e↵ective masses clearly plateau and can be
described at later times by a constant fit which gives a
mass in agreement with the two exponential fits to the
principal correlator that we typically use.

Figure 18 indicates the detailed quark mass and vol-
ume dependence of the ⌘ and ⌘

0 mesons. We have already
commented on the unexplained sensitivity of the ⌘0 mass

to the spatial volume atm⇡ = 391MeV, and we note that
since only a 163 volume was used at m⇡ = 524MeV, the
mass shown there may be an underestimate.
Figure 19 shows the octet-singlet basis mixing angle,

✓ = ↵ � 54.74�, which by definition must be zero at the
SU(3)F point4 . While we have no particularly well mo-
tivated form to describe the quark mass dependence, it
is notable that the trend is for the data to approach a
phenomenologically reasonable value ⇠ �10� [1, 45–47].

F. The low-lying vector mesons: ⇢,!,�

Figure 20 shows the e↵ective masses of !,� and ⇢ prin-
cipal correlators on the m⇡ = 391MeV, 243⇥128 lattice.
The splitting between the ⇢ and ! is small but statisti-
cally significant, reflecting the small disconnected contri-
bution at large times in this channel. At the pion masses
presented in this paper, the ! and � mesons are kine-
matically stable against decay into their lowest thresh-
old channels, ⇡⇡⇡ and KK. In Figure 21 we show the
quark mass and volume dependence of the low lying vec-
tor mesons along with the relevant threshold energies.
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Here we are using a convention where |⌘i = cos ✓|8i � sin ✓|1i,
|⌘0i = sin ✓|8i+cos ✓|1i with 8,1 having the sign conventions in

Eqn 5.
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FIG. 11: Isoscalar (green/black) and isovector (blue) meson spectrum on the m⇡ = 391MeV, 243 ⇥ 128 lattice. The vertical
height of each box indicates the statistical uncertainty on the mass determination. States outlined in orange are the lowest-lying
states having dominant overlap with operators featuring a chromomagnetic construction – their interpretation as the lightest
hybrid meson supermultiplet will be discussed later.

extrapolation might be the complex resonance pole posi-
tion, but we do not obtain this in our simple calculations
using only “single-hadron” operators.

We discuss the specific case of the 0�+ and 1�� sys-
tems in the next subsections.

E. The low-lying pseudoscalars: ⇡, ⌘, ⌘0

In lattice calculations of the type performed in this
paper, where isospin is exact and electromagnetism does
not feature, the ⇡ and ⌘ mesons are exactly stable and ⌘

0

is rendered stable since its isospin conserving ⌘⇡⇡ decay
mode is kinematically closed. Because of this, many of
the caveats presented in Section III B do not apply. Fig-
ure 17 shows the quality of the principal correlators from
which we extract the meson masses, in the form of an
e↵ective mass,

me↵ =
1

�t
log

�(t)

�(t+ �t)
, (16)

for the lightest quark mass and largest volume consid-
ered. The e↵ective masses clearly plateau and can be
described at later times by a constant fit which gives a
mass in agreement with the two exponential fits to the
principal correlator that we typically use.

Figure 18 indicates the detailed quark mass and vol-
ume dependence of the ⌘ and ⌘

0 mesons. We have already
commented on the unexplained sensitivity of the ⌘0 mass

to the spatial volume atm⇡ = 391MeV, and we note that
since only a 163 volume was used at m⇡ = 524MeV, the
mass shown there may be an underestimate.
Figure 19 shows the octet-singlet basis mixing angle,

✓ = ↵ � 54.74�, which by definition must be zero at the
SU(3)F point4 . While we have no particularly well mo-
tivated form to describe the quark mass dependence, it
is notable that the trend is for the data to approach a
phenomenologically reasonable value ⇠ �10� [1, 45–47].

F. The low-lying vector mesons: ⇢,!,�

Figure 20 shows the e↵ective masses of !,� and ⇢ prin-
cipal correlators on the m⇡ = 391MeV, 243⇥128 lattice.
The splitting between the ⇢ and ! is small but statisti-
cally significant, reflecting the small disconnected contri-
bution at large times in this channel. At the pion masses
presented in this paper, the ! and � mesons are kine-
matically stable against decay into their lowest thresh-
old channels, ⇡⇡⇡ and KK. In Figure 21 we show the
quark mass and volume dependence of the low lying vec-
tor mesons along with the relevant threshold energies.

4
Here we are using a convention where |⌘i = cos ✓|8i � sin ✓|1i,
|⌘0i = sin ✓|8i+cos ✓|1i with 8,1 having the sign conventions in

Eqn 5.
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[Dudek, Edwards, Guo, Thomas, PRD 88 094505(2013)] 
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FIG. 16. Partial widths as a function of the ⇡1 pole mass. The bands reflect the coupling ranges given in Table VIII. The total
width, obtained by summing the partial widths, is shown by the grey band.

not yet been validated, but their result for pion masses
near 500 MeV does suggest a large coupling. They also
found a somewhat smaller coupling to f1⇡.

We can also compare our result extrapolated to phys-
ical kinematics with the predictions of models. Models
based upon breaking of the flux-tube [4, 13] do not allow
decays to identical mesons, but these are typically pre-
vented by Bose symmetry anyway. The ability of these
models to predict decays involving the ⌘ or ⌘0 is somewhat
questionable given that no disconnected contributions are
considered. Within these models, the quark spin coupling
factorizes from the spatial matrix element such that ⇢⇡
decays are only allowed to the extent that the spatial
qq̄ wavefunctions of the ⇡ and the ⇢ di↵er. This di↵er-
ence is quite hard to estimate in quark models where the
very light pseudo-Goldstone boson ⇡ is typically not well
described.

If this model picture of the coupling being sensitive to
the di↵erence between the ⇡ and ⇢ radial wavefunction
is correct, our simple extrapolation of the ⇢⇡ coupling
may lead to an under estimate. We can use the charge
radius as a guide to the wavefunction size, and at the
SU(3) flavor symmetric point these radii were computed

in Ref. [75]: hr2i1/2⇡ = 0.47(6) fm, hr2i1/2⇢ = 0.55(5) fm.
These sizes are not that di↵erent, as one might expect
given the heaviness of the quarks, but we expect the
di↵erence to grow as the light-quark mass reduces. Our
simple extrapolation of the ⇢⇡ coupling would not capture
this change, and hence our ⇢⇡ partial width might be an
under-estimate.

The flux-tube breaking models have larger couplings to
axial-vector–pseudoscalar channels like b1⇡ and f1⇡ than
to, for example, ⇢⇡, but these couplings are still much
smaller than the ones we are predicting. Bag models show
similar decay systematics [2, 3].

VIII. SUMMARY

Prior lattice QCD calculations which treated excited
hadrons as stable particles indicated the presence of exotic
hybrid mesons in the spectrum, but until now the only
theoretical information on the decay properties of these
states came from models whose connection to QCD is
not always clear. In this paper we presented the first
determination of the lightest JP (C) = 1�(+) resonance
within lattice QCD. The resonance was observed in a
rigorous way as a pole singularity in a coupled-channel
scattering amplitude obtained using constraints provided
by the discrete spectrum of eigenstates of QCD in six
di↵erent finite volumes. These spectra were extracted
from matrices of correlation functions computed in lattice
QCD using a large basis of operators.

In order to make this first calculation practical we opted
to work with quark masses such that mu = md = ms,
with the quark mass selected to approximately match
the physical strange-quark mass. The resulting SU(3)F
symmetry leads to a simplified set of decay channels, and
the relatively heavy quark mass means that only meson-
meson decays are kinematically accessible in the energy
region of interest.

The computed lattice QCD spectra are described by
an eight-channel flavor-octet 1�(+) scattering system in
which a narrow resonance appears, lying slightly be-
low the opening of axial-vector–pseudoscalar decay chan-
nels, but well above pseudoscalar–pseudoscalar, vector–
pseudoscalar and vector–vector decay thresholds. The
resonance pole shows relatively weak couplings to the
open channels, hence the narrow width, but large cou-
plings to at least one kinematically-closed axial-vector–
pseudoscalar channel.

A simple-minded approach was used to predict decay
properties of a ⇡1 resonance with physical light-quark
mass from these results. We extrapolated the determined
couplings, assuming their only adjustment is in the an-
gular momentum barrier (an approach that has proven

• Recent calculations: Large coupling of        state to axial vector-pseudoscalar channels
• Important to measure multiple decay modes to compare partial widths

[Woss, Dudek, Edwards, Thomas, Wilson, PRD 103 (2021) 054502]

1�+
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• Photoproduction - a versatile process:

• Incoming photon may oscillate to vector meson

• Production of mesonic resonances  
as well as target excitations

• Complementary to  reaction used by  
COMPASS, E852, VES

• Allows coupling to all lightest hybrid nonet states

• Understand (polarized) production of “simple” hadrons - increase complexity stepwise

• Achieve good understanding of acceptance and backgrounds 
• Single pseudoscalar production asymmetries  

[GlueX, PRC 95 (2017) 042201; PRC, 100 (2019) 052201; PRC 103 (2021) 022201]

• Spin density matrix elements (  - PRC 105, 035201 (2022))

• Investigation of  channels
• Study production mechanism, cross section of known mesons first
• Charged and neutral modes, different sub-decays  acceptance, background handling  

• Extend hybrid search to vector-pseudoscalar channels ( ) 
(see talk by Amy Schertz: Fri, 10:35am!)

πN

ρ, ω, Λ(1520)

η(′￼)π

→

ωπ, ωη, ϕπ, ϕη, K*K

γ
ρ, ω, ϕ
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See talk by Alex Austregesilo: 

Fri, 9am!



Hall-D at Jefferson Lab
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• JeffersonLab: Four main experimental halls

• CEBAF accelerator provides 12 GeV electron beam 

• Hall-D: Linearly polarized photon beam produced via bremsstrahlung from 
thin radiator

M. R. Shepherd 
Light Quark Exotics / Snowmass 

September 30, 2020

The Hall D Photon Beamline
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• Linearly polarized photon beam

• Large acceptance for charged and neutral final state particles

• 120 pb�1 data collected in GlueX Phase–1

Colin Gleason (Union College) July 28, 2021 4 / 19

12GeV e− γ
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M. R. Shepherd 
Light Quark Exotics / Snowmass 

September 30, 2020
5

Coverage:  , all 
Tracking:  

Calorimetry:  
Liquid Hydrogen Target

1∘ < θ < 120∘ ϕ
σp /p ≈ 1% − 5 %

σE /E ≈ 6 % / E + 2 %

M. R. Shepherd 
Light Quark Exotics / Snowmass 

September 30, 2020
5

Coverage:  , all 
Tracking:  

Calorimetry:  
Liquid Hydrogen Target

1∘ < θ < 120∘ ϕ
σp /p ≈ 1% − 5 %

σE /E ≈ 6 % / E + 2 %

• Linearly polarized, tagged photon beam (P≈40%)  
impinging on Liquid Hydrogen Target

• Four polarization orientations, coherent peak: ~8.2-8.8 GeV

• Large acceptance for charged and neutral final state particles

• GlueX Phase I completed (2017-18, ),  

Phase II ongoing (expect 3-4 times Phase I data)
∫ L = 125 pb−1

 Malte Albrecht (JLab)                                                                                                                HADRON2023

[(GlueX) NIMA 987 (2021) 164807 ]



                 at GlueX
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• Evidence for spin-exotic contribution from other experiments 
→ Key channel for GlueX

• Clear signals at            and              massesa0(980)
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<latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit>

�p ! ⌘⇡N

0.1< �t < 0.3 GeV2
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)-πηM(

<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0

0.3< �t < 0.6 GeV2
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)-πηM(

<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0

0.6 < �t < 1.0 GeV2
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)-πηM(

<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0
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�p ! ⇡⌘N
<latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit>

Angular Distributions in ⌘⇡
Gottfried-Jackson Frame
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<latexit sha1_base64="uvRztGMry6DCrglRhkSVWdglJjQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gOSUDbbTbt0kw27E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61jco14y2mpNLdiBouRcpbKFDybqY5TSLJO9HobuZ3nrg2QqWPOM54mNBBKmLBKFrJ7waoAo40yESvWnPr7hxklXgFqUGBZq/6FfQVyxOeIpPUGN9zMwwnVKNgkk8rQW54RtmIDrhvaUoTbsLJ/OQpObNKn8RK20qRzNXfExOaGDNOItuZUByaZW8m/uf5OcY34USkWY48ZYtFcS4JKjL7n/SF5gzl2BLKtLC3EjakmjK0KVVsCN7yy6ukfVH3ruruw2WtcVvEUYYTOIVz8OAaGnAPTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDXX6RTg==</latexit>

X ! ⌘⇡

<latexit sha1_base64="ar0mQajempewOGrzCmIFyTuaJr4=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmKXd8sVv+rPQJZJkJMK5Kh3y1+dXkIzyZSlAo1pB35qwzFqy6lgk1InMyxFOsQ+azuqUDITjmf3TsiJU3okTrQrZclM/T0xRmnMSEauU6IdmEVvKv7ntTMbX4VjrtLMMkXni+JMEJuQ6fOkxzWjVowcQaq5u5XQAWqk1kVUciEEiy8vk+ZZNbio+nfnldp1HkcRjuAYTiGAS6jBLdShARQEPMMrvHmP3ov37n3MWwtePnMIf+B9/gAGdo/1</latexit>�i
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⇡�

yGJ
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Rest Frame of X
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i
= zGJ

where X ! ⌘0⇡�<latexit sha1_base64="uvRztGMry6DCrglRhkSVWdglJjQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gOSUDbbTbt0kw27E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61jco14y2mpNLdiBouRcpbKFDybqY5TSLJO9HobuZ3nrg2QqWPOM54mNBBKmLBKFrJ7waoAo40yESvWnPr7hxklXgFqUGBZq/6FfQVyxOeIpPUGN9zMwwnVKNgkk8rQW54RtmIDrhvaUoTbsLJ/OQpObNKn8RK20qRzNXfExOaGDNOItuZUByaZW8m/uf5OcY34USkWY48ZYtFcS4JKjL7n/SF5gzl2BLKtLC3EjakmjK0KVVsCN7yy6ukfVH3ruruw2WtcVvEUYYTOIVz8OAaGnAPTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDXX6RTg==</latexit>

X ! ⌘⇡

<latexit sha1_base64="bRJX+pYMcJ04VjgY5sa+gAkv8rk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyCb2T2WTIPJaZWSUs+Q8vHhTx6r9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHDqFQTWieKK92KwFDOJK1bZjltJZqCiDhtRqPbqd98pNowJR/sOKGhgIFkMSNgndTtDEAI6LFuRpSY9Eplv+LPgJdJkJMyylHrlb46fUVSQaUlHIxpB35iwwy0ZYTTSbGTGpoAGcGAth2VIKgJs9nVE3zqlD6OlXYlLZ6pvycyEMaMReQ6BdihWfSm4n9eO7XxdZgxmaSWSjJfFKccW4WnEeA+05RYPnYEiGbuVkyGoIFYF1TRhRAsvrxMGueV4LLi31+Uqzd5HAV0jE7QGQrQFaqiO1RDdUSQRs/oFb15T96L9+59zFtXvHzmCP2B9/kD53CSxg==</latexit>
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• D1 (L = 2, m = 1) structure at ⇡ 1300
MeV in ⌘⇡� system (a2(1320))

• Similar to COMPASS D wave in ⌘⇡�

(PLB 740, 303 (2015))
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Angular Distributions in ⌘⇡
Gottfried-Jackson Frame
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)θcos(
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<latexit sha1_base64="uvRztGMry6DCrglRhkSVWdglJjQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gOSUDbbTbt0kw27E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61jco14y2mpNLdiBouRcpbKFDybqY5TSLJO9HobuZ3nrg2QqWPOM54mNBBKmLBKFrJ7waoAo40yESvWnPr7hxklXgFqUGBZq/6FfQVyxOeIpPUGN9zMwwnVKNgkk8rQW54RtmIDrhvaUoTbsLJ/OQpObNKn8RK20qRzNXfExOaGDNOItuZUByaZW8m/uf5OcY34USkWY48ZYtFcS4JKjL7n/SF5gzl2BLKtLC3EjakmjK0KVVsCN7yy6ukfVH3ruruw2WtcVvEUYYTOIVz8OAaGnAPTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDXX6RTg==</latexit>

X ! ⌘⇡

<latexit sha1_base64="ar0mQajempewOGrzCmIFyTuaJr4=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmKXd8sVv+rPQJZJkJMK5Kh3y1+dXkIzyZSlAo1pB35qwzFqy6lgk1InMyxFOsQ+azuqUDITjmf3TsiJU3okTrQrZclM/T0xRmnMSEauU6IdmEVvKv7ntTMbX4VjrtLMMkXni+JMEJuQ6fOkxzWjVowcQaq5u5XQAWqk1kVUciEEiy8vk+ZZNbio+nfnldp1HkcRjuAYTiGAS6jBLdShARQEPMMrvHmP3ov37n3MWwtePnMIf+B9/gAGdo/1</latexit>�i

⌘0

⇡�

yGJ

�GJ

Rest Frame of X

p0
��

i
= zGJ

where X ! ⌘0⇡�<latexit sha1_base64="uvRztGMry6DCrglRhkSVWdglJjQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gOSUDbbTbt0kw27E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61jco14y2mpNLdiBouRcpbKFDybqY5TSLJO9HobuZ3nrg2QqWPOM54mNBBKmLBKFrJ7waoAo40yESvWnPr7hxklXgFqUGBZq/6FfQVyxOeIpPUGN9zMwwnVKNgkk8rQW54RtmIDrhvaUoTbsLJ/OQpObNKn8RK20qRzNXfExOaGDNOItuZUByaZW8m/uf5OcY34USkWY48ZYtFcS4JKjL7n/SF5gzl2BLKtLC3EjakmjK0KVVsCN7yy6ukfVH3ruruw2WtcVvEUYYTOIVz8OAaGnAPTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDXX6RTg==</latexit>

X ! ⌘⇡

<latexit sha1_base64="bRJX+pYMcJ04VjgY5sa+gAkv8rk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyCb2T2WTIPJaZWSUs+Q8vHhTx6r9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHDqFQTWieKK92KwFDOJK1bZjltJZqCiDhtRqPbqd98pNowJR/sOKGhgIFkMSNgndTtDEAI6LFuRpSY9Eplv+LPgJdJkJMyylHrlb46fUVSQaUlHIxpB35iwwy0ZYTTSbGTGpoAGcGAth2VIKgJs9nVE3zqlD6OlXYlLZ6pvycyEMaMReQ6BdihWfSm4n9eO7XxdZgxmaSWSjJfFKccW4WnEeA+05RYPnYEiGbuVkyGoIFYF1TRhRAsvrxMGueV4LLi31+Uqzd5HAV0jE7QGQrQFaqiO1RDdUSQRs/oFb15T96L9+59zFtXvHzmCP2B9/kD53CSxg==</latexit>

�com
i

• D2 (L = 2, m = 2) structure at ⇡ 1300
MeV in ⌘⇡0 system (a2(1320))

• Belle: �� ! ⌘⇡0 sees a2 produced in
D2 state (PRD 80, 032001 (2009))
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• Angular distribution of                      
             signal clearly 
different between 
charged and neutral 
channels

• Different spin-projection 
states populated in 
charged vs. Neutral 
channel

a2(1320)
<latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit>
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                 at GlueX

10

• Evidence for spin-exotic contribution from other experiments 
→ Key channel for GlueX

• Clear signals at            and              massesa0(980)
<latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit>

a2(1320)
<latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit>

�p ! ⌘⇡N

0.1< �t < 0.3 GeV2

1 1.5 2 2.5 3
0
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1500

2000

)-πηM(

<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0

0.3< �t < 0.6 GeV2

1 1.5 2 2.5 3
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1200

)-πηM(

<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0

0.6 < �t < 1.0 GeV2

1 1.5 2 2.5 3
0
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)-πηM(

<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0

Colin Gleason (Union College) July 28, 2021 6 / 19

�p ! ⇡⌘N
<latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit>
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and nucleon spin non-flip amplitudes (four coherent sums total):
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Finally we arrive at a formulation of the intensity that involves four coherent sums for each configuration
of nucleon spin:

I(⌦,�) = 2
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These expressions can be easily implemented into AmpTools by absorbing a factor of
p

1± P� into

the definition of the amplitude. One would then fit for the [`](±)
m;k coe�cients in the four separate coherent

sums, where repeated [`](±)
m;k are constrained to be the same using the constrain keyword in the AmpTools

configuration file. The overall factor 2 is irrelevant as the intensity will be renormalized in the fitting
procedure. It would be useful to define an amplitude for the function Zm

` with appropriate flags such that
the calcAmplitude function returns, as a complex double data type, the real or imaginary part of Zm

` (which
is a purely real number).

Since there are no kinematic variables to distinguish between the spin flip (k = 1) and spin non-flip
(k = 0) amplitudes, it is anticipated that these two contributions to the intensity will result in an poorly
constrained fit. The contributions from two k values are not purely ambiguous since the coherent sums for
each k may contain a di↵erent set of interfering amplitudes depending that depends on k. Nevertheless, fit
instability seems highly likely for the general case where both k = 0 and k = 1 is included for all amplitudes.

Acknowledgement: I would like thank Vincent Mathieu for his help with checking and also independently
deriving the formulas above.

3

Definitions

System described by 3 angles:

cos(✓) and � angles of one

daughter particle (⌘(0)
or ⇡) in

the ⌘(0)⇡ rest frame

Angle � between the

polarization vector and the

production plane

Possible JPC
states for ⌘(0)⇡ system with orbital momentum L:

L 0 1 2 3 ...
S P D F

JPC 0++ 1�+ 2++ 3�+ ...

! ⌘(0)⇡ in an odd wave (P ,F ,...) has exotic quantum numbers
Same amplitudes can be used for all ⌘(0)⇡ channels

M.Albrecht (IU) Search for Exotics in ⌘(0)⇡ 7

• Described by three angles: 
 and  in the resonance rest frame, 

angle  between polarization vector  
and production plane

• Amplitudes incorporate beam  
polarization, are eigenstates of  
reflectivity   

• Basis:       amplitudes defined as     

• Complexity: Reflectivity  and spin projections   allowed

• Frequent exchange with JPAC

cos θη ϕη
Φ

ϵ = ± 1 m = − l, …, + l

Zm
l

<latexit sha1_base64="4XfdcHexehrPmZenbwBTz4AwNVw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWASw+ykNxkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41wzqLRaxbITUouMK65VZgK9FIZSiwGY5upn7zCbXhsbq34wS7kg4Ujzij1knNh14mJo+yVyr7FX8GskyCnJQhR61X+ur0Y5ZKVJYJakw78BPbzai2nAmcFDupwYSyER1g21FFJZpuNjt3Qk6d0idRrF0pS2bq74mMSmPGMnSdktqhWfSm4n9eO7XRVTfjKkktKjZfFKWC2JhMfyd9rpFZMXaEMs3drYQNqabMuoSKLoRg8eVl0jivBH4luLsoV6/zOApwDCdwBgFcQhVuoQZ1YDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD345j6g=</latexit><latexit sha1_base64="4XfdcHexehrPmZenbwBTz4AwNVw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWASw+ykNxkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41wzqLRaxbITUouMK65VZgK9FIZSiwGY5upn7zCbXhsbq34wS7kg4Ujzij1knNh14mJo+yVyr7FX8GskyCnJQhR61X+ur0Y5ZKVJYJakw78BPbzai2nAmcFDupwYSyER1g21FFJZpuNjt3Qk6d0idRrF0pS2bq74mMSmPGMnSdktqhWfSm4n9eO7XRVTfjKkktKjZfFKWC2JhMfyd9rpFZMXaEMs3drYQNqabMuoSKLoRg8eVl0jivBH4luLsoV6/zOApwDCdwBgFcQhVuoQZ1YDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD345j6g=</latexit><latexit sha1_base64="4XfdcHexehrPmZenbwBTz4AwNVw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWASw+ykNxkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41wzqLRaxbITUouMK65VZgK9FIZSiwGY5upn7zCbXhsbq34wS7kg4Ujzij1knNh14mJo+yVyr7FX8GskyCnJQhR61X+ur0Y5ZKVJYJakw78BPbzai2nAmcFDupwYSyER1g21FFJZpuNjt3Qk6d0idRrF0pS2bq74mMSmPGMnSdktqhWfSm4n9eO7XRVTfjKkktKjZfFKWC2JhMfyd9rpFZMXaEMs3drYQNqabMuoSKLoRg8eVl0jivBH4luLsoV6/zOApwDCdwBgFcQhVuoQZ1YDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD345j6g=</latexit><latexit sha1_base64="4XfdcHexehrPmZenbwBTz4AwNVw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWASw+ykNxkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41wzqLRaxbITUouMK65VZgK9FIZSiwGY5upn7zCbXhsbq34wS7kg4Ujzij1knNh14mJo+yVyr7FX8GskyCnJQhR61X+ur0Y5ZKVJYJakw78BPbzai2nAmcFDupwYSyER1g21FFJZpuNjt3Qk6d0idRrF0pS2bq74mMSmPGMnSdktqhWfSm4n9eO7XRVTfjKkktKjZfFKWC2JhMfyd9rpFZMXaEMs3drYQNqabMuoSKLoRg8eVl0jivBH4luLsoV6/zOApwDCdwBgFcQhVuoQZ1YDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD345j6g=</latexit>

Zm
l (⌦,�) = Y m

l (⌦)e�i�
<latexit sha1_base64="Cs8rz0bhvVlaWVUvqWy4DkG5sMk=">AAACF3icbVDJSgNBEO1xjXEb9eilMQgJaJgRQS9C0Is3I5hFsww9nUrSpHtm6O4RwpC/8OKvePGgiFe9+Td2FkQTHxQ83quiqp4fcaa043xZc/MLi0vLqZX06tr6xqa9tV1WYSwplGjIQ1n1iQLOAihppjlUIwlE+Bwqfu9i6FfuQSoWBje6H0FDkE7A2owSbSTPzt95CR80RbZ+JaBDDurFLsvhM3zr8R8xB83kkA2dgWdnnLwzAp4l7oRk0ARFz/6st0IaCwg05USpmutEupEQqRnlMEjXYwURoT3SgZqhARGgGsnorwHeN0oLt0NpKtB4pP6eSIhQqi980ymI7qppbyj+59Vi3T5tJCyIYg0BHS9qxxzrEA9Dwi0mgWreN4RQycytmHaJJFSbKNMmBHf65VlSPsq7Tt69Ps4UzidxpNAu2kNZ5KITVECXqIhKiKIH9IRe0Kv1aD1bb9b7uHXOmszsoD+wPr4Byw+ebg==</latexit><latexit sha1_base64="Cs8rz0bhvVlaWVUvqWy4DkG5sMk=">AAACF3icbVDJSgNBEO1xjXEb9eilMQgJaJgRQS9C0Is3I5hFsww9nUrSpHtm6O4RwpC/8OKvePGgiFe9+Td2FkQTHxQ83quiqp4fcaa043xZc/MLi0vLqZX06tr6xqa9tV1WYSwplGjIQ1n1iQLOAihppjlUIwlE+Bwqfu9i6FfuQSoWBje6H0FDkE7A2owSbSTPzt95CR80RbZ+JaBDDurFLsvhM3zr8R8xB83kkA2dgWdnnLwzAp4l7oRk0ARFz/6st0IaCwg05USpmutEupEQqRnlMEjXYwURoT3SgZqhARGgGsnorwHeN0oLt0NpKtB4pP6eSIhQqi980ymI7qppbyj+59Vi3T5tJCyIYg0BHS9qxxzrEA9Dwi0mgWreN4RQycytmHaJJFSbKNMmBHf65VlSPsq7Tt69Ps4UzidxpNAu2kNZ5KITVECXqIhKiKIH9IRe0Kv1aD1bb9b7uHXOmszsoD+wPr4Byw+ebg==</latexit><latexit sha1_base64="Cs8rz0bhvVlaWVUvqWy4DkG5sMk=">AAACF3icbVDJSgNBEO1xjXEb9eilMQgJaJgRQS9C0Is3I5hFsww9nUrSpHtm6O4RwpC/8OKvePGgiFe9+Td2FkQTHxQ83quiqp4fcaa043xZc/MLi0vLqZX06tr6xqa9tV1WYSwplGjIQ1n1iQLOAihppjlUIwlE+Bwqfu9i6FfuQSoWBje6H0FDkE7A2owSbSTPzt95CR80RbZ+JaBDDurFLsvhM3zr8R8xB83kkA2dgWdnnLwzAp4l7oRk0ARFz/6st0IaCwg05USpmutEupEQqRnlMEjXYwURoT3SgZqhARGgGsnorwHeN0oLt0NpKtB4pP6eSIhQqi980ymI7qppbyj+59Vi3T5tJCyIYg0BHS9qxxzrEA9Dwi0mgWreN4RQycytmHaJJFSbKNMmBHf65VlSPsq7Tt69Ps4UzidxpNAu2kNZ5KITVECXqIhKiKIH9IRe0Kv1aD1bb9b7uHXOmszsoD+wPr4Byw+ebg==</latexit><latexit sha1_base64="Cs8rz0bhvVlaWVUvqWy4DkG5sMk=">AAACF3icbVDJSgNBEO1xjXEb9eilMQgJaJgRQS9C0Is3I5hFsww9nUrSpHtm6O4RwpC/8OKvePGgiFe9+Td2FkQTHxQ83quiqp4fcaa043xZc/MLi0vLqZX06tr6xqa9tV1WYSwplGjIQ1n1iQLOAihppjlUIwlE+Bwqfu9i6FfuQSoWBje6H0FDkE7A2owSbSTPzt95CR80RbZ+JaBDDurFLsvhM3zr8R8xB83kkA2dgWdnnLwzAp4l7oRk0ARFz/6st0IaCwg05USpmutEupEQqRnlMEjXYwURoT3SgZqhARGgGsnorwHeN0oLt0NpKtB4pP6eSIhQqi980ymI7qppbyj+59Vi3T5tJCyIYg0BHS9qxxzrEA9Dwi0mgWreN4RQycytmHaJJFSbKNMmBHf65VlSPsq7Tt69Ps4UzidxpNAu2kNZ5KITVECXqIhKiKIH9IRe0Kv1aD1bb9b7uHXOmszsoD+wPr4Byw+ebg==</latexit>

[V.Mathieu et.al. (JPAC), PRD100(2019) 5, 054017]✏ = ±1
<latexit sha1_base64="v/wMfvnkx0GhAdFib8KMMEqS7Ng=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoRgl48RjAPyC5hdjKbDJkXM7NCXPIlXjwo4tVP8ebfOEn2oIkFDUVVN91diWLU2CD49kpr6xubW+Xtys7u3n7VPzhsG5lpTFpYMqm7CTKEUUFallpGukoTxBNGOsn4duZ3Hok2VIoHO1Ek5mgoaEoxsk7q+9WIKEOZFPAaRoqHfb8W1IM54CoJC1IDBZp9/ysaSJxxIixmyJheGCgb50hbihmZVqLMEIXwGA1Jz1GBODFxPj98Ck+dMoCp1K6EhXP190SOuDETnrhOjuzILHsz8T+vl9n0Ks6pUJklAi8WpRmDVsJZCnBANcGWTRxBWFN3K8QjpBG2LquKCyFcfnmVtM/rYVAP7y9qjZsijjI4BifgDITgEjTAHWiCFsAgA8/gFbx5T96L9+59LFpLXjFzBP7A+/wBxdKSfg==</latexit><latexit sha1_base64="v/wMfvnkx0GhAdFib8KMMEqS7Ng=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoRgl48RjAPyC5hdjKbDJkXM7NCXPIlXjwo4tVP8ebfOEn2oIkFDUVVN91diWLU2CD49kpr6xubW+Xtys7u3n7VPzhsG5lpTFpYMqm7CTKEUUFallpGukoTxBNGOsn4duZ3Hok2VIoHO1Ek5mgoaEoxsk7q+9WIKEOZFPAaRoqHfb8W1IM54CoJC1IDBZp9/ysaSJxxIixmyJheGCgb50hbihmZVqLMEIXwGA1Jz1GBODFxPj98Ck+dMoCp1K6EhXP190SOuDETnrhOjuzILHsz8T+vl9n0Ks6pUJklAi8WpRmDVsJZCnBANcGWTRxBWFN3K8QjpBG2LquKCyFcfnmVtM/rYVAP7y9qjZsijjI4BifgDITgEjTAHWiCFsAgA8/gFbx5T96L9+59LFpLXjFzBP7A+/wBxdKSfg==</latexit><latexit sha1_base64="v/wMfvnkx0GhAdFib8KMMEqS7Ng=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoRgl48RjAPyC5hdjKbDJkXM7NCXPIlXjwo4tVP8ebfOEn2oIkFDUVVN91diWLU2CD49kpr6xubW+Xtys7u3n7VPzhsG5lpTFpYMqm7CTKEUUFallpGukoTxBNGOsn4duZ3Hok2VIoHO1Ek5mgoaEoxsk7q+9WIKEOZFPAaRoqHfb8W1IM54CoJC1IDBZp9/ysaSJxxIixmyJheGCgb50hbihmZVqLMEIXwGA1Jz1GBODFxPj98Ck+dMoCp1K6EhXP190SOuDETnrhOjuzILHsz8T+vl9n0Ks6pUJklAi8WpRmDVsJZCnBANcGWTRxBWFN3K8QjpBG2LquKCyFcfnmVtM/rYVAP7y9qjZsijjI4BifgDITgEjTAHWiCFsAgA8/gFbx5T96L9+59LFpLXjFzBP7A+/wBxdKSfg==</latexit><latexit sha1_base64="v/wMfvnkx0GhAdFib8KMMEqS7Ng=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoRgl48RjAPyC5hdjKbDJkXM7NCXPIlXjwo4tVP8ebfOEn2oIkFDUVVN91diWLU2CD49kpr6xubW+Xtys7u3n7VPzhsG5lpTFpYMqm7CTKEUUFallpGukoTxBNGOsn4duZ3Hok2VIoHO1Ek5mgoaEoxsk7q+9WIKEOZFPAaRoqHfb8W1IM54CoJC1IDBZp9/ysaSJxxIixmyJheGCgb50hbihmZVqLMEIXwGA1Jz1GBODFxPj98Ck+dMoCp1K6EhXP190SOuDETnrhOjuzILHsz8T+vl9n0Ks6pUJklAi8WpRmDVsJZCnBANcGWTRxBWFN3K8QjpBG2LquKCyFcfnmVtM/rYVAP7y9qjZsijjI4BifgDITgEjTAHWiCFsAgA8/gFbx5T96L9+59LFpLXjFzBP7A+/wBxdKSfg==</latexit>

• High-energy t-channel picture: ‘reflectivity’ fixes the product of naturalities of 
the exchange particle and the produced resonance  
 
Naturality:  
      natural parity  for:  
  unnatural parity  for:  

• In case of :  
positive (negative) reflectivity = natural (unnatural) parity exchange

η = P(−1)J

η = + 1 JP = 0+,1−,2+, . . .
η = − 1 JP = 0−,1+,2−, . . .

ηπ
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and nucleon spin non-flip amplitudes (four coherent sums total):
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Finally we arrive at a formulation of the intensity that involves four coherent sums for each configuration
of nucleon spin:
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������

X

`,m

[`](�)
m;kIm[Zm

` (⌦,�)]

������

2 )
. (18)

These expressions can be easily implemented into AmpTools by absorbing a factor of
p

1± P� into

the definition of the amplitude. One would then fit for the [`](±)
m;k coe�cients in the four separate coherent

sums, where repeated [`](±)
m;k are constrained to be the same using the constrain keyword in the AmpTools

configuration file. The overall factor 2 is irrelevant as the intensity will be renormalized in the fitting
procedure. It would be useful to define an amplitude for the function Zm

` with appropriate flags such that
the calcAmplitude function returns, as a complex double data type, the real or imaginary part of Zm

` (which
is a purely real number).

Since there are no kinematic variables to distinguish between the spin flip (k = 1) and spin non-flip
(k = 0) amplitudes, it is anticipated that these two contributions to the intensity will result in an poorly
constrained fit. The contributions from two k values are not purely ambiguous since the coherent sums for
each k may contain a di↵erent set of interfering amplitudes depending that depends on k. Nevertheless, fit
instability seems highly likely for the general case where both k = 0 and k = 1 is included for all amplitudes.

Acknowledgement: I would like thank Vincent Mathieu for his help with checking and also independently
deriving the formulas above.

3

Definitions

System described by 3 angles:

cos(✓) and � angles of one

daughter particle (⌘(0)
or ⇡) in

the ⌘(0)⇡ rest frame

Angle � between the

polarization vector and the

production plane

Possible JPC
states for ⌘(0)⇡ system with orbital momentum L:

L 0 1 2 3 ...
S P D F

JPC 0++ 1�+ 2++ 3�+ ...

! ⌘(0)⇡ in an odd wave (P ,F ,...) has exotic quantum numbers
Same amplitudes can be used for all ⌘(0)⇡ channels

M.Albrecht (IU) Search for Exotics in ⌘(0)⇡ 7

• Described by three angles: 
 and  in the resonance rest frame, 

angle  between polarization vector  
and production plane

• Amplitudes incorporate beam  
polarization, are eigenstates of  
reflectivity   

• Basis:       amplitudes defined as     

• Complexity: Reflectivity  and spin projections   allowed

• Frequent exchange with JPAC

cos θη ϕη
Φ

ϵ = ± 1 m = − l, …, + l

Zm
l
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• D+

2
is the dominant D

wave in the a2(1320)
region at low �t X

• Structures seen around
a2(1700)

• Will need to identify
correct waves and
confirm phase motion
for hybrid search

• How does D wave evolve
as a function of �t?

Colin Gleason (Union College) July 28, 2021 11 / 19

Mass-Indep. PWA of    γp → ηπ0p
• Combined fit of all polarization orientations

• Large S-wave, positive reflectivity contribution

• Non-resonant?

• Contribution from other resonance(s)?

• Clear signal in    D-wave

• Waveset based on Tensor Meson Dominance model: 
 
        
 
[V.Mathieu et.al. (JPAC) PRD 102, 014003 (2020)] 
 

• Persisting challenges:  
leakage between waves, fluctuations - especially for 
sub-dominant waves, ambiguities 
 
(see also talk by Wyatt Smith Thu, 6/8 2:35pm!)

 Perform semi - mass independent  
PWA to extract  contribution

m = + 2

Lϵ
m = S±

0 , D±
0 , D±

1 , D+
2 , D−

−1

→
a2

�p ! ⌘⇡0p S wave

0.1< �t <0.3 GeV2

• Expect an S wave for the
a0(980)

• + reflectivity dominant
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• Dominant structure in a0(980)
is the S+

0
wave X

• Large S+

0
under a2(1320)

• Leakage or acceptance e↵ect?
• Validation with MC

• D wave should be dominated by
D+

2
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�p ! ⇡0⌘p
<latexit sha1_base64="fvZj5E6teOxbFAAIctysJVIB+Sg=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjgi6LblxWsA/ojCWTZtrQZDIkd4QyduGvuHGhiFt/w51/Y9rOQlsPXDg5515y74lSwQ143reztLyyurZe2ihvbm3v7Lp7+02jMk1ZgyqhdDsihgmesAZwEKydakZkJFgrGl5P/NYD04ar5A5GKQsl6Sc85pSAlbruYdAnUhKcBqCClN97AQP76roVr+pNgReJX5AKKlDvul9BT9FMsgSoIMZ0fC+FMCcaOBVsXA4yw1JCh6TPOpYmRDIT5tP9x/jEKj0cK20rATxVf0/kRBozkpHtlAQGZt6biP95nQziyzDnSZoBS+jsozgTGBSehIF7XDMKYmQJoZrbXTEdEE0o2MjKNgR//uRF0jyr+l7Vvz2v1K6KOEroCB2jU+SjC1RDN6iOGoiiR/SMXtGb8+S8OO/Ox6x1ySlmDtAfOJ8/S86Vng==</latexit><latexit sha1_base64="fvZj5E6teOxbFAAIctysJVIB+Sg=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjgi6LblxWsA/ojCWTZtrQZDIkd4QyduGvuHGhiFt/w51/Y9rOQlsPXDg5515y74lSwQ143reztLyyurZe2ihvbm3v7Lp7+02jMk1ZgyqhdDsihgmesAZwEKydakZkJFgrGl5P/NYD04ar5A5GKQsl6Sc85pSAlbruYdAnUhKcBqCClN97AQP76roVr+pNgReJX5AKKlDvul9BT9FMsgSoIMZ0fC+FMCcaOBVsXA4yw1JCh6TPOpYmRDIT5tP9x/jEKj0cK20rATxVf0/kRBozkpHtlAQGZt6biP95nQziyzDnSZoBS+jsozgTGBSehIF7XDMKYmQJoZrbXTEdEE0o2MjKNgR//uRF0jyr+l7Vvz2v1K6KOEroCB2jU+SjC1RDN6iOGoiiR/SMXtGb8+S8OO/Ox6x1ySlmDtAfOJ8/S86Vng==</latexit><latexit sha1_base64="fvZj5E6teOxbFAAIctysJVIB+Sg=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjgi6LblxWsA/ojCWTZtrQZDIkd4QyduGvuHGhiFt/w51/Y9rOQlsPXDg5515y74lSwQ143reztLyyurZe2ihvbm3v7Lp7+02jMk1ZgyqhdDsihgmesAZwEKydakZkJFgrGl5P/NYD04ar5A5GKQsl6Sc85pSAlbruYdAnUhKcBqCClN97AQP76roVr+pNgReJX5AKKlDvul9BT9FMsgSoIMZ0fC+FMCcaOBVsXA4yw1JCh6TPOpYmRDIT5tP9x/jEKj0cK20rATxVf0/kRBozkpHtlAQGZt6biP95nQziyzDnSZoBS+jsozgTGBSehIF7XDMKYmQJoZrbXTEdEE0o2MjKNgR//uRF0jyr+l7Vvz2v1K6KOEroCB2jU+SjC1RDN6iOGoiiR/SMXtGb8+S8OO/Ox6x1ySlmDtAfOJ8/S86Vng==</latexit><latexit sha1_base64="fvZj5E6teOxbFAAIctysJVIB+Sg=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjgi6LblxWsA/ojCWTZtrQZDIkd4QyduGvuHGhiFt/w51/Y9rOQlsPXDg5515y74lSwQ143reztLyyurZe2ihvbm3v7Lp7+02jMk1ZgyqhdDsihgmesAZwEKydakZkJFgrGl5P/NYD04ar5A5GKQsl6Sc85pSAlbruYdAnUhKcBqCClN97AQP76roVr+pNgReJX5AKKlDvul9BT9FMsgSoIMZ0fC+FMCcaOBVsXA4yw1JCh6TPOpYmRDIT5tP9x/jEKj0cK20rATxVf0/kRBozkpHtlAQGZt6biP95nQziyzDnSZoBS+jsozgTGBSehIF7XDMKYmQJoZrbXTEdEE0o2MjKNgR//uRF0jyr+l7Vvz2v1K6KOEroCB2jU+SjC1RDN6iOGoiiR/SMXtGb8+S8OO/Ox6x1ySlmDtAfOJ8/S86Vng==</latexit>

0.1 < | − t | < 0.2
GeV2
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“mass-independent” S-wave

: Breit-Wigner a2(1320)

pos. reflectivity neg. reflectivity 

                 at GlueX

20

• Evidence for spin-exotic contribution from other experiments 
→ Key channel for GlueX

• Clear signals at             and              massesa0(980)
<latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit>

a2(1320)
<latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit>

�p ! ⌘⇡N

0.1< �t < 0.3 GeV2
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<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0

0.3< �t < 0.6 GeV2
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)-πηM(

<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0

0.6 < �t < 1.0 GeV2
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)-πηM(

<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0
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�p ! ⇡⌘N
<latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit>
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• Simplify problem by 
introducing physics constraint:

•  reasonably isolated  
 Well described by  

     Breit-Wigner function

• S-wave has complex structure  
 keep “mass-independent”  

     parameterisation  
 

• Eliminates leakage between 
waves, ensures continuity of 
solution

• Major contributions consistent 
with observations from mass 
independent PWA

a2(1320)
→

→
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Differential  Cross Sectiona2(1320)0

14

• Including  has impact on result, tail underneath  
 More sophisticated model being tested together with JPAC

• Good agreement with theory prediction

• Publication in preparation

a2(1700) a2(1320)
→

˵

»ŃĢ̇ūŶũŉūòŞ̌ǪưƤ̧ƜĠƤƸŠưƤ̧
ưŃòư̧ŃòǐĢ̇ďĠĠū̧ƤŃŶǑū̧ò̧
ďƸūđŅ́Ŷļ́ưŉũĠƤ̧ūŶǑ

¯ƙĠđŉǪđòưŉŶūƤ̯
˭̭ �ūŠǗ̧˭̧đŶūǐĠƜĻĠĘ̧Ǫư̧ƙĠƜ̧ďŉū̧̧̧̽

ǑòƤ̧ĠǖƙĠūƤŉǐĢ̇ďĠĺŶƜĠ
ˮ̭ tŉūƸŉư̧ƸūđĠƜưòŉūưŉĠƤ
˯̭ JòƸƤ̧đŶūƤưƜòŉūĠĘ̧òˮ̧̮òˮƙƜŉũĢ̇

ưŶ̧¤'J̧ǐòŠƸĠƤ
˰̭ ͉˭̭ˬ˰̽˭̭˴ˬ̧͊˰ˬ̧tĠÙ̧ďŉūƤ

                 at GlueX

20

• Evidence for spin-exotic contribution from other experiments 
→ Key channel for GlueX

• Clear signals at             and              massesa0(980)
<latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit>

a2(1320)
<latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit>

�p ! ⌘⇡N

0.1< �t < 0.3 GeV2
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<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0

0.3< �t < 0.6 GeV2
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)-πηM(

<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0

0.6 < �t < 1.0 GeV2
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)-πηM(

<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0
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�p ! ⇡⌘N
<latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit>
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Mass Indep. PWA of  at low                   γp → π−ηΔ++ t
• Combined fit of all polarization 

orientations

• Dominant S-wave contribution in 
negative reflectivity component

• Clear  signal in   
D-wave, negative reflectivity

• Expected for unnatural parity exchange 
(pion exchange! Contrary to neutral 
channel)

• Tail in D1 wave related to ?

• Same challenges with mass-independent 
fit as in neutral channel
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Non-  Background at higher |t|Δ++
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Projection for π1 → η(′￼)π

17

• Measurement of strong  signal in  channels serves as reference

• Fit  yield assuming signal saturates measured  cross 
sections`

a2 ηπ
π1 I = 1 ωππ

 Malte Albrecht (JLab)                                                                                                                HADRON2023



Analysis of  Channelsη′￼π

18

• Based on upper 
limit for  cross 
section from :

• No large  signal 
expected in 

• Possibly 
dominant signal in 

π1
ωππ

π1
ηπ

η′￼π

 Malte Albrecht (JLab)                                                                                                                HADRON2023
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Closeup of  Spectraη′￼π−
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• Projections look intriguing
• Interesting interference pattern visible  
 

 Constructive / destructive interference of odd and 
even wave contributions in different  regions?  

• Using  cross section measurements from  
channels as important reference
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Fig. 1: Invariant mass spectra (not acceptance corrected) for (a) ⌘⇡� and (b) ⌘0⇡�. Acceptances (con-
tinuous lines) refer to the kinematic ranges of the present analysis.
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Fig. 2: Data (not acceptance corrected) as a function of the invariant ⌘⇡� (a) and ⌘0⇡� (b) mass and of
the cosine of the decay angle in the respective Gottfried-Jackson frames where cos#GJ = 1 corresponds
⌘
(0) emission in the beam direction. Two-dimensional acceptances can be found in Ref. [20].

The data were subjected to a partial-wave analysis (PWA) using a program developed at Illinois and
VES [21–23]. Independent fits were carried out in 40MeV/c

2 wide bins of the four-body mass from
threshold up to 3GeV/c

2 (so-called mass-independent PWA). Momentum transfers were limited to the
range given above.

An ⌘(0)⇡� partial-wave is characterised by the angular momentum L, the absolute value of the magnetic
quantum number M = |m| and the reflectivity ✏ = ±1, which is the eigenvalue of reflection about
the production plane. Positive (negative) ✏ is chosen to correspond to natural (unnatural) spin-parity
of the exchanged Reggeon with J

P
tr = 1� or 2+ or 3� . . . (0� or 1+ or 2� . . . ) transfer to the beam

particle [18, 24]. These two classes are incoherent.

In each mass bin, the differential cross section as a function of four-body kinematic variables ⌧ is taken
to be proportional to a model intensity I(⌧) which is expressed in terms of partial-wave amplitudes
 
✏
LM (⌧),

I(⌧) =
X

✏

������

X

L,M

A
✏
LM 

✏
LM (⌧)

������

2

+ non-⌘(0) background. (1)

[COMPASS, PLB 740(2015) 303-311]
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threshold up to 3GeV/c
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An ⌘(0)⇡� partial-wave is characterised by the angular momentum L, the absolute value of the magnetic
quantum number M = |m| and the reflectivity ✏ = ±1, which is the eigenvalue of reflection about
the production plane. Positive (negative) ✏ is chosen to correspond to natural (unnatural) spin-parity
of the exchanged Reggeon with J
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tr = 1� or 2+ or 3� . . . (0� or 1+ or 2� . . . ) transfer to the beam

particle [18, 24]. These two classes are incoherent.

In each mass bin, the differential cross section as a function of four-body kinematic variables ⌧ is taken
to be proportional to a model intensity I(⌧) which is expressed in terms of partial-wave amplitudes
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Summary and Outlook
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• High quality photoproduction data sets (GlueX Phase I) available,   
analyses underway

• Extract  cross sections in high-statistics  channels using PWA and fits with physics 
constraints, 
use polarization information to investigate production mechanism                                
(publication in preparation)

• Route towards  channels set, analyses underway 
 Use  signal and cross section measurements as reference 

• Partial wave analysis tools being used and further developed  
 Future: Higher statistics (GlueX Phase II, coupling of channels, …)  

                  will allow to refine analysis strategy and possibly decrease model 
dependencies

• Highly productive collaboration with theory (JPAC) 
(see also talk by Adam Szczepaniak, Tue 12pm!)

En route to first results on exotic mesons with GlueX!

a2 ηπ

η′￼π
→ a2

→

➡ Confirm existence (different experiments), measure more properties! 

• The                is seen in: 

✓         interaction 
(E852, VES and COMPASS) 

✓ Possibly seen in        annihilation  
 (CrystalBarrel/LEAR  data) 

• It decays to: 

•                     clearly exotic, 
but controversy persists: 

➡ Is the                 a genuine  
 resonance? 

 Malte Albrecht                                                                                                              DPG Frühjahrstagung 2018 - Bochum12

“2nd Kind” Exotics: Systematic Investigation

⇡1(1600)

⇢⇡, ⌘0⇡, f1(1285)⇡, b1(1235)⇡

JPC = 1�+

⇡1(1600)

⇡N

pp

JPC = 1�+

 Malte Albrecht (JLab)                                                                                                                HADRON2023
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                 at GlueX

20

• Evidence for spin-exotic contribution from other experiments 
→ Key channel for GlueX

• Clear signals at             and              massesa0(980)
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<latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit>

�p ! ⌘⇡N

0.1< �t < 0.3 GeV2
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<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0

0.3< �t < 0.6 GeV2
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)-πηM(

<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0

0.6 < �t < 1.0 GeV2
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)-πηM(

<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0
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�p ! ⇡⌘N
<latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit>
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�p ! ⇡0⌘p
<latexit sha1_base64="fvZj5E6teOxbFAAIctysJVIB+Sg=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjgi6LblxWsA/ojCWTZtrQZDIkd4QyduGvuHGhiFt/w51/Y9rOQlsPXDg5515y74lSwQ143reztLyyurZe2ihvbm3v7Lp7+02jMk1ZgyqhdDsihgmesAZwEKydakZkJFgrGl5P/NYD04ar5A5GKQsl6Sc85pSAlbruYdAnUhKcBqCClN97AQP76roVr+pNgReJX5AKKlDvul9BT9FMsgSoIMZ0fC+FMCcaOBVsXA4yw1JCh6TPOpYmRDIT5tP9x/jEKj0cK20rATxVf0/kRBozkpHtlAQGZt6biP95nQziyzDnSZoBS+jsozgTGBSehIF7XDMKYmQJoZrbXTEdEE0o2MjKNgR//uRF0jyr+l7Vvz2v1K6KOEroCB2jU+SjC1RDN6iOGoiiR/SMXtGb8+S8OO/Ox6x1ySlmDtAfOJ8/S86Vng==</latexit><latexit sha1_base64="fvZj5E6teOxbFAAIctysJVIB+Sg=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjgi6LblxWsA/ojCWTZtrQZDIkd4QyduGvuHGhiFt/w51/Y9rOQlsPXDg5515y74lSwQ143reztLyyurZe2ihvbm3v7Lp7+02jMk1ZgyqhdDsihgmesAZwEKydakZkJFgrGl5P/NYD04ar5A5GKQsl6Sc85pSAlbruYdAnUhKcBqCClN97AQP76roVr+pNgReJX5AKKlDvul9BT9FMsgSoIMZ0fC+FMCcaOBVsXA4yw1JCh6TPOpYmRDIT5tP9x/jEKj0cK20rATxVf0/kRBozkpHtlAQGZt6biP95nQziyzDnSZoBS+jsozgTGBSehIF7XDMKYmQJoZrbXTEdEE0o2MjKNgR//uRF0jyr+l7Vvz2v1K6KOEroCB2jU+SjC1RDN6iOGoiiR/SMXtGb8+S8OO/Ox6x1ySlmDtAfOJ8/S86Vng==</latexit><latexit sha1_base64="fvZj5E6teOxbFAAIctysJVIB+Sg=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjgi6LblxWsA/ojCWTZtrQZDIkd4QyduGvuHGhiFt/w51/Y9rOQlsPXDg5515y74lSwQ143reztLyyurZe2ihvbm3v7Lp7+02jMk1ZgyqhdDsihgmesAZwEKydakZkJFgrGl5P/NYD04ar5A5GKQsl6Sc85pSAlbruYdAnUhKcBqCClN97AQP76roVr+pNgReJX5AKKlDvul9BT9FMsgSoIMZ0fC+FMCcaOBVsXA4yw1JCh6TPOpYmRDIT5tP9x/jEKj0cK20rATxVf0/kRBozkpHtlAQGZt6biP95nQziyzDnSZoBS+jsozgTGBSehIF7XDMKYmQJoZrbXTEdEE0o2MjKNgR//uRF0jyr+l7Vvz2v1K6KOEroCB2jU+SjC1RDN6iOGoiiR/SMXtGb8+S8OO/Ox6x1ySlmDtAfOJ8/S86Vng==</latexit><latexit sha1_base64="fvZj5E6teOxbFAAIctysJVIB+Sg=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjgi6LblxWsA/ojCWTZtrQZDIkd4QyduGvuHGhiFt/w51/Y9rOQlsPXDg5515y74lSwQ143reztLyyurZe2ihvbm3v7Lp7+02jMk1ZgyqhdDsihgmesAZwEKydakZkJFgrGl5P/NYD04ar5A5GKQsl6Sc85pSAlbruYdAnUhKcBqCClN97AQP76roVr+pNgReJX5AKKlDvul9BT9FMsgSoIMZ0fC+FMCcaOBVsXA4yw1JCh6TPOpYmRDIT5tP9x/jEKj0cK20rATxVf0/kRBozkpHtlAQGZt6biP95nQziyzDnSZoBS+jsozgTGBSehIF7XDMKYmQJoZrbXTEdEE0o2MjKNgR//uRF0jyr+l7Vvz2v1K6KOEroCB2jU+SjC1RDN6iOGoiiR/SMXtGb8+S8OO/Ox6x1ySlmDtAfOJ8/S86Vng==</latexit>

                 at GlueX

20

• Evidence for spin-exotic contribution from other experiments 
→ Key channel for GlueX

• Clear signals at             and              massesa0(980)
<latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit>
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<latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit>
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<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>
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<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>
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<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>
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<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>
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<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>
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<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>
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<latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit>

 Malte Albrecht (IU)                                                                                                                 JLab Physics Seminar

 Malte Albrecht (JLab)                                                                                                                HADRON2023



Double Regge Process
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• Double-Reggeon exchange process 
(similar to Deck-contribution at COMPASS)

• Dominant at high and invariant mass

• Extends down into resonance region, will  
overlap with (broad)  signal, if present

• Can enhance odd partial waves 
→ mimic exotic signal

• Important to understand and model this process 
 Theory support indispensable

| t |

π1

→

Double-Regge Model and Simulation

Double Regge exchange can enhance odd partial waves ! mimick

exotic signal

Critical to understand and model this process

! Close collaboration with JPAC

Currently: Tests with MC generated w/ JPAC model

p0p

⌘

� ⇡0

p0p

⇡0

� ⌘

M.Albrecht (IU) Search for Exotics in ⌘(0)⇡ 16

γ π0

    η

     p′￼     p

Baryon background and  
Double Regge exchange?
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cos(θGJ)

Preliminary Data Fits
Using Updated Event Selection — no baryon cuts 
All Data, All polarizations (not including AMO)
Mass( ) : 2.0 - 2.1 GeVηπ Mass( ) : 2.1- 2.2 GeVηπ Mass( ) : 2.2- 2.3 GeVηπ Mass( ) : 2.3- 2.4 GeVηπ Mass( ) : 2.4- 2.5 GeVηπ

Mass( ) : 2.5- 2.6 GeVηπ Mass( ) : 2.6- 2.7 GeVηπ Mass( ) : 2.7- 2.8 GeVηπ Mass( ) : 2.8- 2.9 GeVηπ Mass( ) : 2.9- 3.0 GeVηπ

cos(θGJ) cos(θGJ) cos(θGJ) cos(θGJ)

cos(θGJ)cos(θGJ)cos(θGJ)cos(θGJ)cos(θGJ)

Improved Double Regge Process Modeling
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The Current Model

• Generated Model MC distribution


• Does not include reconstruction effects


• Values for generation:


• S0 = 1.1


•   = 0.07


•  = 0.05


• Ratio of Fast  / Fast  = 0.75

bη

bπ

η π

Mass( )ηπ0

cos(θGJ)

    

• Close collaboration with Theory/JPAC:

• Original model was too simplistic 
(see also [L. Bibrzycky et. al. (JPAC), EPJ C 81, 647 (2021)])

• Improved model available that involves better 
description of vertex factors, five parameters to 
describe kinematic distribution

• Monte Carlo study with updated model underway

• Asymmetric  - shape can be 
reproduced

• First fits to data promising

• Reasonable agreement in high mass region

→ Can we extrapolate a model for  
    Double Regge to the resonance region?

cos θGJ

co
sθ

G
J

Generated model MC:

Fit to GlueX data:
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